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THE MARKETING OF MILK MOVES: FORWARD 


@ Pacing developments in other areas of dairy development, the 


new Handi-Square Milk Bottles represent a long step ahead in | 


the efficient marketing of milk. 

To dairies and their customers, these scientifically designed 
containers— provide space saving in cold rooms, empty bottle 
storage, in delivery trucks, for you can put three cases of Handi- 
Squares in the same area as two of ordinary round bottles. They 
weigh 20% less than standard quarts—are easy to grip, to handle, 
to pour from. They don’t roll if knocked over—are a better fit 
in a refrigerator. 

These, and other improvements, feature the new Duraglas 
Handi-Squares. If you would like to know more about them, write 
for our booklet, “Handi-Square Milk Bottles” by Owens-Illinois. 


OWENS-ILLINOIS GLASS COMPANY 


Dairy Container Division 
TOLEDO 1, OHIO 


Your advertisement is being read in every State and in 25 Foreign Countries 
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The Cherry-Bur.ell “TJ” Bottle 
Washer gives you a wider range of 
control over dirty bottle conditions. 


The high temperature soaking treat- 
ment (as high as 180° F. if you need 
it) permits you to meet any changing 
dirty bottle condition. This, plus low 
caustic concentration gives you greater 
safety, better protection and a reserve 
for washing really dirty bottles. You 
can also reduce the cost of washing 


powder as much as one-third over 
most other soaker washers. 


The “TJ's” ten treatments will make 


your bottles “come clean.” 


If you need a new bottle washer and 
the delivery of 16 to 24 bottles per 
minute suits your capacity, see your 
Cherry-Burrell representative. If you 
need more bottles than that, investigate 
the Model “CS” or the Model “E”. 


BUY WAR BONDS REGULARLY — AND GENEROUSLY! 


CHERRY-BURRELL CORPORATION 


427 WEST RANDOLPH STREET, CHICAGO 6, ILLINOIS 
Factories, Warehouses, Branches, Offices or Distributors at your Service in 52 Cities [ZMmatied 
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‘Nonsense,’ said a well-known 
writer, ‘‘is like an elephant suspend- 
ing 97% of his weight over a steep 
precipice ... with his tail hanging on 
to a daisy...” 


Milk Production, 


Of course, any school child knows that an elephant has more 
sense than to gamble that :nuch on a daisy . .. but in milk pro- 
duction, where so much depends on sanitary care . . . the impor- 
tance of using dependable methods is all too often overlooked. 


A recent survey of the cost of milk production on midwest 
farms shows:* 


Hay, silage, pasture, corn stover od 25.49% 
Depr. cows, Build. & Equip. charge, interest, taxes, insur- 
ance, straw bedding, horse labor, minerals, bull service, etc. 26.52% 
Labor,inbarnandcareofherd . ....... . . 18.81% 
Labor, milking . 8.96% 
Labor, sanitary care milking machine ond utensils . 2.69% 
Total 100.00% 


Carelessness or improper methods, in the /ast minutes of pro- 
duction ... in the /ast small item of expense. . . often wastes 
all of the effort...on far too many farms... by permitting 
good milk to become contaminated through the use of unclean 
milking machines or utensils. 


Neither the nation nor the farmer can afford the losses which 
result from low quality milk and dairy products. 


It is better to use proved, effective sanitary methods ...even 
at higher cost than methods not so sure . . . than gamble the 
loss of 50 times its extra cost. 


That is why we say: —“There is no magic compound which 
can take the place of thorough scrubbing.” 
* Production cost survey, midwest fluid milk area, Sept., 1943 


BABSON BROS. CO. 


2843 West 19th Street . Chicago 23, Illinois 


SYRACUSE - MINNEAPOLIS +» KANSAS CITY - LOS ANGELES - HOUSTON + SEATTLE 
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Reporting on the 


ALSECO ALUMINUM HOOD 
SITUATION | 


IT IS NEARLY FOUR YEARS since the 
production of Alseco Aluminum Hoods 
was halted by the approach of war. Now 
the question is—when will production 
be resumed? Frankly, we don’t know. 


We even hesitate to guess. 


WAR ORDERS have first call on the 
output of aluminum foil. Not until 
these prior claims on the supply of foil 
greatly diminish can we see the start of 
production of Alseco Hoods. It seems 
unlikely that that will happen until 
Victory in Europe. 


DELIVERIES WILL START the very first 


moment that material and manpower are 


available. Naturally, former users of 


Alseco Hoods will be supplied before 


When you buy replace- im 


your present type of cap 
and for Alseco Hoods later. j 


any new dairies are taken on. Plans are 
well in hand for handling the switch over 
for old customers, and new users will 


be supplied as soon as that job is over. 


THIS STATEMENT STILL LEAVES the 
situation pretty indefinite, and you can 
see why. But this we can definitely 


assure you: 


WHEN ALSECO FLASHES THE NEWS 
that Alseco Aluminum Hoods are back, 
they will be back to stay. You can 
depend on getting Alseco Aluminum 
Hoods continuously thereafter. Be pre- 
pared with Alseco combination finish 
bottles . . . the bottle, with lugs, that 
accommodates the Alseco Aluminum 


Hood and all other caps as well. 


ALUMINUM SEAL COMPANY - 1315 THIRD AVENUE - NEW KENSINGTON - PENNSYLVANIA 


Your advertisement is being read in every State and in 25 Foreign Countries 
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The Jersey Classification Program Is Directed To- 


Improving the type of Jersey cattle that will 
produce more profitably and extend their 


useful years over a longer period of time. 


Classification and Production 


14,414 Records 
801 Excellent ........ Average 483 Ibs. fat 
4,213 Very Good ....... Average 460 Ibs. fat 
6,060 Good Plus........ Average 448 lbs. fat 
Average 434 lbs. fat 
Average 420 lbs. fat 
Average 425 Ibs. fat 


324 West 23rd Street 
NEW YORK YORK 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Dripping wet, Patapar keeps its strength and beauty 


This sheet of Patapar* Vegetable 

t was soaked in water for 
hours. Then out it came, intact —dis- 
playing all its original lustre and dis- 
tinctive texture. Even when boiled 
Patapar keeps its strength and beauty. 


Patapar resists 


grease, too 


Grease or oil can be left on Patapar 
without penetrating. 

Wrapped in Patapar, products with 
high grease content are io fresh and 
appetizing. 


179 types 


Patapar is produced in many types or 
variations to fill a wide range of needs. 
For example, some types of Patapar 
are airtight. Other types are made for 
products which must have wrappers 
that allow them to “breathe”. There 
are types to meet varying requirements 
of wet-strength, grease-proofness, 
opaqueness. All in all, 179 different 
types of Patapar have been perfected. 


A few of Patapar’s 
many uses 


Asa ing material Patapar pro- 
tects butter, meats, poultry, cheese, ice 
cream, shortening. It is used for milk 
¢an gaskets, bottle hoods, box and can 
liners, bulk packaging units and for 
literally thousands of other purposes. 


Complete 


printing service 


Patapar’s rich distinctive texture lends 
added beauty to the colorful effects of 
printing. Our plants are equipped with 
complete facilities for printing Pata- 
par in one or more colors by letter- 
press or offset lithography. 


Patapar Keymark 


This little keymark is 
the nationally adver- 
tised symbol of wrapper 
ti? protection. It can be 
included on printed 
Patapar at no extra cost. 
* Reg. U.S. Pat. Off. 


Paterson Parchment Paper Company, Bristol, Pennsylvania 
West Coast Plant: 340 Bryant Street, San Francisco 7, California 
Branch Offices: 120 Broadway, New York 5, N. Y. 111 West Washington Street, Chicago 2, Ill. 
Headquarters for Vegetable Parchment since 1885 


Your advertisement is being read in every State and in 25 Foreign Countries 
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SBTRIBUTED BY LEADING DAIRY SUPPLY DEALERS 
THE UNITED STATES AND CANADA 


+ The Visible Guarantee of Invisible Quality 


Your advertisement is being read in every State and in 25 Foreign Countries 


| 
FOR CONTROL IN DAIRY PRODUCTION AND QUALITY 
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— 
EQ 


JOURNAL OF DAIRY SCIENCE 


natural flavor... 


low bacteria count 


at VON ALLMEN BROS. DAIRY, Louisville, Ky. 


“The high quality product we are producing with the Mcjonnier 
16-Second Pasteurizing System is the largest contributing factor in our 
growth, which more than doubled during the first year of our opera- 
tion,” said Mr. Julius Von Allmen, President. 


Handling 5000 Ibs. of milk per hour, practically all Von Allmen prod- 
ucts are run through this system. 


Write for full details today to: 


MOJONNIER BROS. CO. 


4601 W. OHIO STREET . CHICAGO 44, ILLINOIS 


Mojonmnicr 


SHORT-TIME PASTEURIZING SYSTEM 


Your advertisement is being read in every State and in 25 Foreign Countries 
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EFFECT OF VARIOUS BACTERIA ON DIACETYL CONTENT AND 
FLAVOR OF BUTTER' 


P. R. ELLIKER 
Purdue University Agricultural Experiment Station, W. Lafayette, Indiana 


The literature on effect of different microorganisms on diacetyl and 
acetylmethylearbinol has been reviewed in a previous paper (2). Following 
observations on destruction of diacetyl by Pseudomonas putrefaciens (2), it 
became apparent that other microorganisms also were able to destroy aroma 
in commercial butters. Virtanen and coworkers have reported that some or- 
ganisms isolated from butter, including B. punctatum, B. vulgatus and a mix- 
ture of yeasts, destroyed diacety! and acetylmethylearbinol in milk (5), and 
that bacteria of the fluorescens group were able to destroy aroma of butter 
(6). As a result of these reports and our own observations, studies were 
undertaken to determine the extent to which different bacterial species iso- 
lated from creamery water supplies and defective commercial butter affeeted 
diacetyl content of experimental butters. The study was extended to deter- 
mine the effect of a wide variety of bacterial -species on diacetyl added to 
sterile milk. Some trials were included to determine change in diacetyl 
content during storage of representative commercial butters, some of which 
were known to contain diacetyl-destroying bacteria. 

Preliminary studies also included an evaluation of methods of determin- 
ing diacetyl in milk and butter. 


EXPERIMENTAL 


Preliminary trials on method used to determine diacetyl. Because’ of the 
large number of determinations necessary in these studies, an attempt first 
was made to find a simpler, more rapid method for determining diacety]. 
After trials with various available colorimetric and gravimetric methods, a 
modified Pien, Baisse and Martin method (4) was adapted to use of the 
photometer. This method, the essential details of which are described by 
Cox and Wiley (1), was briefly carried out as follows: A small sample of the 
substance examined, containing between 10 and 150 micrograms of diacetyl, 

Received for publication July 27, 1944. 

1 Published with the approval of the Director of the Experiment Station as Journal 
Paper No. 140. 
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was acidified with either a mineral or non-volatile organic acid and carefully 
steam-distilled. Two 9-ml. portions of distillate were coliected in tubes in 
which 1 ml, of distilled water had been placed to cover the tip of the con- 
denser. About 20 to 25 minutes was required for the entire distillation. 
In order to retard the rate of distillation and concentrate the diacetyl in the 
first portion of the distillate, a special fractionating column was set up be- 
tween the distillation flask and the condenser. This column consisted of a 
10-mm. glass tube in which was placed a glass rod supporting a series of 
glass dises. The condenser consisted of a Liebig condenser, the outlet of 
which was drawn out to a fine point. The fractionating column and con- 
denser were supported parallel to each other in a vertical position. To each 
tube of distillate were added 0.1 ml. of a freshly prepared 2.5 per cent ortho- 
diaminobenzidine hydrochloride solution and 0.5 ml. concentrated HCl. 
After allowing about 15 minutes for color development, the intensity of the 


TABLE 1 


Recoveries of added diacetyl from distilled water using modified method of 
Pien, Baisse and Martin 


Micrograms diacetyl added to 100 ml. Total micrograms diacetyl recovered in 
distilled water two 10-ml. portions of distillate 

0 0 

0 0 

10 10 

10 10 

50 52 

50 50 

200 202 

200 196 


yellow color produced was determined with a KWSZ photometer employ- 
ing a filter of 400my. A standard curve was constructed using known 
amounts of diacetyl. Standard controls were read whenever a series of 
determinations were run, although the reagents appeared to provide consis- 
tent color intensities from one trial to another. 

The results in table 1 indicate the accuracy that can be expected with 
the modified Pien, Baisse and Martin method. Almost identical results were 
obtained when varying quantities of diacetyl were added to skim milk and 
then recovered by steam distillation. A small residual of a few yg. of 
diacetyl usually was present in 100 g. amounts of milk and butter used. 
Allowance was made for this original quantity in calculating results. This 
method appeared to be sensitive, accurate and far more simple and rapid 
than any other method for determining diacetyl and therefore was employed 
in all diacetyl studies reported in this paper. Its accuracy, particularly in 
the presence of acetylmethylearbinol, may be increased by flushing all oxy- 
gen out of the distilling system with nitrogen or carbon dioxide before carry- 
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ing out a distillation. By refluxing with FeCl, before distillation, acetyl- 
methylearbinol can be converted to diacetyl, and total acetylmethylearbinol 
plus diacetyl determined as with other methods. 

Effect of various bacteria on diacetyl added to sterile skim milk. Since 
loss of aroma of commercial butters appeared to occur rather frequently, 
it seemed possible that diacety] destruction was an ability common to numer- 
ous species of bacteria. Therefore a number of pure cultures of different 
species were inoculated into sterile skim milk and their effect on added 
diacetyl determined. 

The milk was sterilized in 100-ml. amounts. Pure diacetyl (Eastman 
Kodak) was diluted in sterile distilled water, and the actual amount added 


TABLE 2 
Effect of various becteria on diacetyl* added to sterile skim milk 
Micrograms of diacetyl after incubation at 
room temperature for 
48 hours 120 hours 
ug: per ml. per ml, 
Bacillus graveolens ....... 11 3 
Pseudomonas fluorescens ..................... 25 4 
Pseudomonas fragi ....... 31 8 
Pseudomonas putrefaciens 26 ................ 36 | 19 
Pseudomonas putrefaciens 791-B. ........... 37 15 
Escherichia Coli 15 7 
Proteus vulgaris 24 5 
Streptococeus paracitrovorus 6 2 
Streptococcus lactis , 35 24 
38 2 
2 24 14 
VIRB 31 8 
21-E .. 2 12 
23-M .. 14 3 
24-E .... 29 9 


a quantity of diacetyl added to each 100 ml. bottle of sterile skim milk was 44 yg. 
per ml, 
to each bottle of milk equalled 44 yg. per ml. of milk. Previous studies indi- 
eated that concentrations above 150 yg. per ml. of skim milk inhibited some 
of the bacteria. A concentration of 44 pg. appeared to have no perceptible 
effect on growth of the organisms studied. One ml. of an active milk culture 
of the respective organisms was added to the 100-ml. amounts of milk. Four 
bottles of milk plus diacetyl were inoculated with each of the respective cul- 
tures. Diacetyl determinations were run in duplicate on each of the respec- 
tive cultures after 48 and 120 hours.’ Control bottles were checked in the 
same manner and also at time of inoculation. 

Cultures designated by number were of the following origin: Cultures 
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1—M and 23-M were isolated from creamery wash water and were tentatively 
identified as Pseudomonas fluorescens liquefaciens; 2 was a culture of 
Streptococcus cremoris from a commercial starter; 17-E, 21-E and 24-E 


were non-pigmented Pseudomonas species capable of producing cheesy 
butter. 


The results are shown in table 2. 
It is apparent that the ability to destroy diacetyl is a characteristic 
common to many widely differing species of bacteria. Every one of the 
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Fie. 1. Effect of growth of various pure cultures of bacteria on diacetyl content 
of butter. 


psychrophilie Pseudomonas species was active in this respect. Of all the bac- 
teria tested, only Str. lactis showed little or no effect on the diacetyl. Results 
with Streptococcus citrophilus and Streptococcus diacetylactis were similar 
to those with Str. lactis. However, the possibility exists that they produced 
sufficient diacetyl to compensate for what they destroyed. Destruction of 
diacetyl by Str. paracitrovorus and culture 2 was expected in the light of 
previous reports. Previous studies with a gravimetric method of diacetyl] 
determination yielded results similar to those in table 2. 
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Destruction of diacetyl in butter by various pure cultures. For these 
trials only those cultures that were known to produce defects in butter at 
low temperatures were selected. Sterilized cream in 2000-ml. quantities was 
churned in sterile Dazey churns. Five ml. of an active milk culture of the 
respective organism was added to 2000 ml. of cold sterile distilled water, and 
the water then served for washing the butter granules and also inoculated 
the butter with the respective culture. For control samples, sterile distilled 
water was used. Butter granules were subjected to only one washing treat- 
ment. Sufficient bacteria were added to the butter in this manner to enable 
fairly active growth during the subsequent storage period. Excess moisture 
was worked out of the butter with sterile paddles. No salt was added to any 
of the experimental butters. Pure diacetyl was diluted and sufficient added 
160 


T T T T T T T 
QO STERILE CONTROL O STERILE CONTROL 


CULTURE NO.E-17 1& CULTURE NO.E-2! | 
120 5 


140 © STERILE CONTROL] © STERILE CONTROL] 
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120 


100+ 


i i 


MICROGRAMS DIACETYL PER 100 GRAMS BUTTER 


DAYS STORED AT 15.6°C. (60°F.) 
Fig. 1 (cont’d). Effeet of growth of various pure cultures of bacteria on diacetyl 
content of butter. 


to provide the desired amount in the butter. After thorough working, the 
respective churnings were aseptically transferred to sterile 2- or 4-ounce 
jars with screw caps. The jars were stored at 15.6° C, (60° F.) for 10 days 
and in one trial at 21.1° C. (70° F.) for 7 days in order to simulate con- 
ditions of exposure commercial butter encounters in normal trade channels. 
Changes in aroma and odor of the butter were noted daily, and flavor and 
diacetyl content were checked about midway through and at the end of the 
storage period. The entire contents of a jar of butter were used for one 
diacetyl determination. Sufficient jars of each churning were available so 
that duplicate determinations were always made. The results represent an 
average of the duplicates. In almost every case the duplicates checked 
closely. 
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Results of a number of trials with various organisms are shown in fig- 
ure 1. The results in every case substantiated observations on effect of milk 
cultures on diacetyl. Str. lactis caused no destruction of diacetyl in the 
butter. In some trials it even appeared to exert a slight preservative effect. 
All of the Pseudomonas species, with the exception of Ps. nigrifaciens, 
actively destroyed diacetyl added to the experimental butters.2 The rate of 
destruction appeared proportional to the rate of growth and activity of the 
respective organisms. 

In every case reduction in diacety] content coincided with disappearance 
of typical aroma of the butters. When this occurred, they became flat in 
odor and flavor. The Ps. fragi butter became slightly flat in 24 hours; defi- 
nitely flat, slightly fruity and rancid in 72 hours; and definitely cheesy in 
8 days. Butter containing Ps. putrefaciens became flat and slightly putrid 
in 48 hours and definitely putrid in 72 hours. Ps. fluorescens produced a 
distineily flat flavor and odor in 72 hours, and this appeared to be the only 
serious defect it produced in the 10-day storage period. 

Culture 1—M produced a flat odor and flavor in 24 hours, and the butters 
then gradually became rancid and cheesy. Culture 23—-M produced a flat 
odor and flavor in 48 hours followed by a cheesy defect in 5 days. The most 
pronounced defect produced by cultures 17—-E, 21—-E, and 24-E was a flat 
odor and flavor after 48 to 72 hours. The control butters and those inocu- 
lated with Str. lactis maintained their aroma throughout the storage period. 

Stability of diacetyl in some representative commercial butters. Obser- 
vations had indicated repeatedly that rapid loss of diacetyl was occurring 
in commercial butters. Rather complete information on the bacteriological 
quality of water supplies and butter was available for certain plants. Fig- 
ure 2 shows the diacetyl contents of duplicate samples during a keeping 
quality test on buttérs from three representative creameries designated as 
A, B, and C. The values indicate that considerable loss in diacetyl may 
occur in commercial butter before it is consumed. 

Because of the variability of results frequently occurring, bacterial 
counts were not made on the butters examined. However, plant B was 
known to consistently produce butter containing varying numbers of cheesy 
and putrid flavor bacteria. Ps. putrefaciens and other related water organ- 
isms were isolated from plant water and butter. The butter of this plant 
frequently became flat and developed rancid, putrid or cheesy defects. The 
evidence overwhelmingly indicates microorganisms to be responsible for the 
marked loss of diacetyl, even in the presence of salt in this commercial 
sample. The history of plant A resembled that of B, but the data regard- 
ing the water supply of this plant were not as complete as for B. Numerous 
keeping quality tests on the butter of plant A, however, suggested water 


2 In subsequent trials Ps. nigrifaciens has rapidly destroyed diacetyl at 15.6° C. in 
butters containing 1 per cent NaCl. 
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40F 


MICROGRAMS DIACETYL PER 


0 1 
° 2 4 6 7 


DAYS OF STORAGE AT 21°C. (70°F .) 
Fig. 2. Change in diacetyl content of three representative commercial butters during 
regular keeping quality test. 


organisms as being at least partly responsible for the loss of diacetyl in the 
samples checked in this trial. The butter of plant C has always been rela- 
tively free of such defects, and the diacetyl values in figure 3 indicate little 
activity of Pseudomonas or other diacetyl destroying bacteria during the 
7-day storage at 21.1° C. (70° F.). 

Butter A retained its aroma over the 7-day period. However, the initial 
amount of diacetyl added was so great that, even though considerable was 
destroyed, sufficient remained to provide a diacetyl aroma at the end of the 
test. Butter B was flat after 7 days. Undoubtedly, the diacetyl remaining 
was incorporated in such a way that it was unavailable to the microorgan- 
isms and also of little benefit in providing aroma. Sample C maintained its 
mild aroma throughout the storage period. 

Comparative effects of diacetyl and Str. lactis, respectively, on activity 
of Ps. putrefaciens in butter. It has been suggested by some workers that 
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Fig. 3. Influence of high diacetyl content and. Str. lactis, respectively, on growth 
of Ps. putrefaciens in butter. (Growth of Ps. putrefaciens is reflected indirectly by its 
rate of destruction of diacetyl.) : 
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the diacetyl in starters may be the factor enabling them to inhibit Ps. putre- 
faciens and related bacteria in butter. Studies in this laboratory (2) indi- 
cated rather that activity of Str. lactis is the factor of primary importance. 
The results in figure 3 leave little doubt regarding the réle played by the 
various factors in question. In these trials experimental butters were pre- 
pared with 3 to 4 times as much added diacetyl as average commercial 
butters contain. One group of butters was kept sterile and served as con- 
trols. A second group had 5 per cent of Str. lactis milk culture added just 
before churning the cream. Ps, putrefaciens was added in large numbers 
by inoculating the 2000 ml. of sterile wash water with 5 ml. of an active milk 
culture. The third group was inoculated with Ps. putrefaciens in the same 
manner but contained no Str, lactis. All three groups of butters contained 
at least 440 pg. diacetyl thoroughly worked into the butter after churning 
and washing. A fourth group contained Str. lactis and Ps. putrefaciens 
and was prepared in the same manner as the others except that no diacetyl 
was added. 

The activity of the various organisms involved is illustrated by the 
diacetyl values shown in figure 3. Samples of group 4 were not included 
in the figure because no diacetyl was added. However, as in previous studies, 
even in the absence of any diacetyl Str. lactis effectively inhibited Ps. putre- 
faciens, and the flavor remained unaffected over the 10-day storage period. 

Diacetyl values in figure 3 can be used as an index of the activity of the 
various organisms because all of the results of this and previous studies have 
indicated that diacetyl destruction under vontrolled temperature and time 
conditions is at least roughly proportional to the activity of Ps. putrefaciens 
and possibly related bacteria in butter. When Str. lactis was present, no 
destruction of diacetyl occurred, indicating that Ps. putrefaciens was in- 
hibited. When Str. lactis was absent, Ps. putrefaciens grew and destroyed 
diacetyl, even though excessive amounts of the compound were present when 
the butter was placed in storage. Samples of this third group, containing 
large original quantities of diacetyl and inoculated only with Ps. putre- 
faciens, became flat in 48 hours and putrid in 72. 


DISCUSSION 


The ability of a number of different types of bacteria to destroy diacetyl 
in milk emphasizes the ease with which this important aroma compound is 
attacked. It suggests that loss of diacetyi due to microorganisms may be 
more important in some commercial foods than is generally realized. The 
importance of the Pseudomonas group in this respect is brought out by the 
studies on experimental and commercial butters. These studies substantiate 
the observations reported previously (2) and those of Virtanen and co- 
workers (5, 6) on prevalence of the flat-flavored defect due to aroma destruc- 
tion in commercial butters. The flavor stability of many spreads and so- 
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called butter substitutes may be affected by action of microorganisms on 
diacetyl. 

The results suggest that diacetyl destruction may be proportional to 
activity or growth of diacetyl-destroying bacteria under controlled condi- 
tions of diacetyl content, temperature and time. No specific attempts were 
made to correlate these factors, but the possibility is of interest in view of 
the unreliability of plate counts in following activity of some of the Pseudo- 
monas species in butter. 

The possible mechanism or mechanisms by which the various types of 
bacteria affect diacetyl is of considerable interest. A number of investi- 
gators have reported beth yeasts and bacteria capable of reducing diacety] 
to acetylmethylcarbinol and 2,3-butylené glycol. Others (3) have observed 
that margarine maintained at pH levels below 6.0 maintained its diacetyl 
odor over long periods; but when alkali-forming bacteria such as spore- 
forming rods and molds developed, the margarine rapidly lost its aroma. 
It is possible that a pH below 6.0 inhibited destructive bacteria. Also a 
change in pH to a more alkaline level may have been incidental to, rather 
than instrumental in, diacetyl destruction. Further investigations are 
needed to determine the significance of the various factors involved. Pre- 
liminary trials in this laboratory have indicated that most of the diacetyl 
destroyed by Ps. putrefaciens in butter could be recovered as acetylmethyl- 
earbinol and 2,3-butylene glycol. The evidence then indicates that Ps. 
putrefaciens reduces diacetyl to these compounds. 

Some interesting problems are posed on the best means of incorporating 
diacetyl into, and maintaining its stability in, various food products. Such 
studies should include the réle played by compounds often accompanying 
diacetyl in diacetyl concentrates as well as homologs of diacetyl. The vari- 
ation in diacetyl contents of commercial butters studied suggests that more 
attention might be given to amounts of diacetyl necessary for most desirable 
aroma in various food materials. A mild, stable aroma in butter, for exam- 
ple, may be more desirable than excessive amounts. 

The results in general are not intended to discourage use of diacetyl con- 
centrates as aroma contributors, but rather to emphasize the great need for 
sanitary measures to eliminate aroma destroying bacteria from butter and 
other materials that depend on diacetyl for desired aroma and flavor. Im- 
portant sources of such bacteria are plant water supplies, churns, vats, 
printers and other equipment with which the pasteurized product comes into 
contact. The possibility of contamination through ingredients added to the 
pasteurized product must also be considered. 


SUMMARY 


A modification of the Pien, Baisse, Martin method for diacetyl determi- 
nation proved accurate, highly sensitive and rapid. 
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A large number of bacterial cultures, including widely differing genera, 
proved capable of destroying diacetyl added to sterile skim milk. 

Several Pseudomonas species isolated from butter and creamery water 
supplies actively destroyed diacetyl] in experimental butters. Commercial 
butters known to consistently carry large numbers of bacteria of this type 
showed a pronounced loss of diacetyl during keeping-quality tests. Pre- 
liminary trials on experimental butters indicated that Ps. putrefaciens 
reduced diacety! to acetylmethylearbinol and 2,3-butylene glycol. 

Results indicated that the factor responsible for inhibition of Pseudo- 
monas species by butter starters in butter is Str. lactis or related bacteria. 
THe specific factor is presumably acid produced by the inhibiting bacteria. 
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DISTRIBUTION OF CAROTENE AND VITAMIN A IN 
BUTTER-MAKING* 


SOLL BERL anp W. H. PETERSON 


From the Department of Biochemistry, College of Agriculture, 
University of Wisconsin, Madison 


INTRODUCTION 


Much work has been done in previous years on the carotene and vitamin 
A content of Wisconsin milk (2). These accumulated data could also be 
utilized for the calculation of the carotene and vitamin A content of the 
Wisconsin butters of those periods if the amount transferred from the milk 
to the butter in the butter-making process could be determined. Therefore, 
a series of analyses were run to determine the distribution of the carotene 
and vitamin A of the milk among the products obtained in the manufacture 
of butter. 

EXPERIMENTAL 


Collection of samples. Porticns of the milk, cream, skim milk, butter, 
and buttermilk obtained in single churnings were collected and analyzed for 
carotene and vitamin A. 

The samples were collected at the University Dairy as follows: 

The milk was obtained by removing approximately 14 quarts of milk 
every 5-10 minutes from the large tank from which it was being fed to the 
separator, the tank being continually replenished. These samples were 
placed in a 10-gallon can from which the final aliquot of one quart was 
removed for analysis. The skim milk was collected in the same manner, as 
it left the separator. The cream was collected in one tank and a sample 
taken after all the milk had been separated. The next day the cream was 
churned, and samples of butter and buttermilk taken before the butter was 
washed and worked. These samples contained no added butter color. 

Methods of analysis. The method of analysis used was a modification of 
the one described by Olson, Hegsted, and Peterson (3). The modifications 
of the general method were the following : 

1) The extracted fat was saponified by refluxing for 10 minutes on a 
steam bath without an atmosphere of nitrogen; 2) the water in the ether 
extract was removed by drying over anhydrous sodium sulfate; 3) the ether 
was removed under reduced pressure and the residue taken up in chloroform 
The chloroform solution was read on the Evelyn Photoelectric Colorimeter 
for carotene and vitamin A (Carr-Price reaction). A 440 my filter and a 
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620 my filter were used for the reading of the carotene and the vitamin A 
respectively. The values for the carotene and vitamin A were read from 
standard curves. The curve for carotene in chloroform was made from a 
freshly opened sample obtained from the §.M.A. Corporation (M.P. 180°). 
Ten dilutions were made ranging from approximately 0.2 pg. to 4 yg./ce 
The galvanometer readings were plotted against the concentrations in j1g./ce. 
on semi-logarithmie paper. This curve is represented by the factor 3.28 with 
Guso readings of 50° or more. In this range Lg x 3.28 = pg. carotene/ce. 


TABLE 1 
Analytical data for carotene, vitamin A and fat contents of samples 
Product Carotene Vitamin A Butterfatt 
pg-/aliquot pg-/aliquot % 
1, 1/29/42 | Milk 100 ee. 12.6 22.5 3.1 
Cream 10 gm. 10.1 21.2 30.5 
Skim milk 200 ee. 3.9 
2, 2/ 3/42 | Milk 100 ee. 12.3 22.9 3.6 
Cream 10 gm. 11.1 22.2 35.5 
Skim milk 200 ee. 3.6 
Butter 10 gm. 26.8 56.3 86.5 
Buttermilk 200 ee. 4.9 4.0 0.6 
3, 3/22/42 | Milk 100 ce. 10.1 17.9 3.4 
Cream 10 gm. 9.5 17.8 34.5 
Skim milk 200 ee. 2.6 1.5 ee 
Butter 10 gm. 24.2 45.8 86.6 
Buttermilk 200 ec. 7.5 5.3 0.6 
4, 5/23/42 | Milk 100 ee. 36.2 30.8 3.6 
Cream 10 gm. 35.0 31.2 38.0 
10 gm. | 38.0 
Skim milk 200 ce. 7.8 
200 ce. 5.6* 
Butter 10 gm. 72.5 64.0 | 80.5 
sg 10 gm. 55.0* 80.5 
Buttermilk 200 ee 23.7 12.1 0.9 


* Values obtained after extraction with 94% diacetone alcohol. 

t The butterfat content of the skim milk was assumed to be 0.07%. 

Details regarding the standard curves for vitamin A in chloroform and 
carotene in Skelly Solve B are given in another paper (1). 

One-hundred-ce. samples of milk were analyzed in this manner. Two- 
hundred-ce. samples of skim milk and buttermilk and 10-gm. samples of 
butter and cream were analyzed in the same manner with the following 
modifications. In the first extraction of the skim milk and the buttermilk, 
22 ee. of concentrated NH,OH, 150 ee. of ethyl alcohol, 110 ce. of ethyl ether, 
and 38 ec. Skelly Solve B were used. In the second extraction, 50 ec. ethyl 
ether and 20 ce. Skelly Solve B were used. 

In the cream analysis the 10 gm. was diluted with 50 ec. of water and 
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extracted first with 15 ec. concentrated NH,OH, 80 ee. alcohol, 50 ec. of 
ether, and 25 ee. of Skelly Solve B. In the second extraction, 25 ec. of ether 
and 10 ee. Skelly Solve B were used. The butter was analyzed by saponi- 
fying the whole butter with 4 gm. of KOH and 20 ee. of alcohol. The 
unsaponifiable fraction was extracted with 100-, 50-, and 50-ce. portions of 
ether. 

Discussion of data. The original data of the analyses are given in table 1. 
In table 2 are presented these results in terms of the carotene and vitamin A 
found in the proportionate quantities of cream, skim milk, butter and butter- 
milk resulting from 100 ee. of milk. The calculations used for the estima- 
tion of these quantities are as follows: 

Sample 2, 2/3/42, Calculated for 100 cc. of Whole Milk 
Milk: 
100 x 1.03 = 103 gm. milk. 
Contained 3.6 per cent butterfat. 
103 x 0.036 = 3.7 gm. butterfat. 
Cream : 
Contained 35.5 per cent butterfat. 
Skim milk was assumed to contain 0.06 gm. butterfat. 
See calculation under skim milk. 
3.7 — 0.06 = 3.64 gm. butterfat in cream. 
3.64 x 100 
35.5 
Skim milk: 
103 (milk) — 10.2 (cream) = 92.8 gm. skim milk. 
Assuming 0.07 per cent butterfat. 
92.8 x 0.0007 = 0.06 gm. butterfat in skim milk. 
Butter : 
Contained 86.5 per cent fat. 
Buttermilk from cream was calculated to contain 0.036 gm. fat. 
See calculation under buttermilk. 
(3.64 — 0.036) + 0.865 = 4.17 gm. butter. 
Buttermilk : 
10.2 — 4.17 = 6.03 gm. buttermilk. 
6.03 x 0.006 = 0.036 gm. butterfat in buttermilk. 

The quantities of carotene and vitamin A present in the italicized 
weights of cream, skim milk, buttermilk and butter were calculated from the 
weights corresponding to the volumes used for analysis by simple propor- 
tion. In making these calculations, the specific gravity of skim milk was 
taken as 1.033 and that for buttermilk as 1.017. 

Although butter pigments consist of carotene, xanthophyll and other 
non-cafotene pigments, they were dealt with as a whole in these analyses. 
All the carotene values, except those in series 4, are for total pigment and 
do not differentiate between carotene and other carotenoids. 


= 10.2 gm. cream. 
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The values given in table 2 indicate that the distribution of the carotene 
in the butter-making was about 10-14 per cent in the skim milk, 89-94 per 
cent in the butter, and 0.8-2.0 per cent in the buttermilk. For vitamin A, 
2-4 per cent was in the skim milk, 93-100 per cent in the butter, and 0.4-1 
per cent in the butter milk. These percentages add up to more than 100. 
The reason for the excess recovery lies probably in the method of caleulation 
that had to be employed and also in analytical methods. 


TABLE 2 


Distribution of carotene and vitamin A in products obtained in butter-making 
(Caleulated on basis of 100 ce. of the original milk) 


Sample . Skim Butter- Total 
and iis Compound Milk | Cream milk Butter milk recovery * 
% 
1, 1/29/44 | Carotene yg. 12.6 10.4 ee ectenes 
Vit. A pg. 22.5 21.8 
% | 100.0 96.9 
2, 2/ 3/42 | Carotene ug. 12.3 11.3 1.6 11.1 0.1 
a % | 100.0 92.0 13.0 90.2 0.8 104.0 
Vit. Aug. 22.9 22.6 0.6 23.4 0.1 
ll % | 100.0 98.8 2.6 102.0 0.4 105.0 
3, 3/22/42 | Carotene pg. 10.1 9.5 1.2 9.5 0.2 
” % | 100.0 94.1 11.9 94.1 2.0 108.0 
Vit. A yag. 17.9 17.8 0.7 18.0 0.2 
tie % | 100.0 99.4 3.9 100.5 1.1 105.5 
4, 5/23/42 | Carotene yg. 36.2 33.6 3.5 32.4 0.6 
es % | 100.0 92.8 9.7 89.5 1.7 100.9 
Vit. Aug. 30.8 30.0 0.7 28.6 0.3 
we % | 100.0 97.4 | 2.3 92.9 1.0 96.2 
4, 5/23/42 | Carotene yg. 26.4 24.3 2.5 24.6 0.4 
ee % | 100.0 92.0 | 9.5 93.0 1.5 104.0 
| (Diacetone | 
Ext.) 


* The percentages are based on skim milk, butter and buttermilk. 


The experiment was carried out under large creamery conditions, and 
therefore rigid experimental control could not be maintained. Because ali- 
quots were obtained from large quantities of original material (2000-3000 
lbs. of milk), direct measurements could not be made. Formulas and fac- 
tors had to be relied upon to determine the proportionate amcunts of cream, 
skim milk, buttermilk and butter resulting from 100 ee. of milk. Such caleu- 
lations might very well be somewhat erroneous. 

Another probable source of error is the manner in which the various ali- 
quots were obtained. It made inevitable the assumption that the analyzed 
samples of the products corresponded to the milk analyzed. 

The amount of carotene and vitamin A present in the skim milk and 
buttermilk is quite small and could not be determined with great accuracy 
by the methods employed. Therefore, these values are not as trustworthy 
as those for the milk, cream and butter. 
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Previous work (1) had shown that 94 per cent diacetone alcohol could be 
used to separate the non-carotene pigments from carotene. This procedure 
was applied to sample 4 and showed that about 70 per cent of the pigment 
in the various products was carotene. 
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THE IMPORTANCE OF UNIFORMITY OF GET IN 
EVALUATING A SIRE* 


LESLIE E. JOHNSON 
South Dakota State College 


Livestock breeders commonly believe that animals differ greatly in their 
ability to produce uniform offspring and that such differences should be 
considered in a breeding program. Judges place much emphasis upon uni- 
formity in get-of-sire and produce-of-dam classes at fairs and breed shows. 
In publishing production indexes, breed organizations often go to consider- 
able expense to list individual records of all daughters. These records are 
of value chiefly because they show the variation within progenies. Animal 
husbandmen have written much on this subject and, in general, have con- 
eluded that the ability to produce a highly uniform progeny is a very 
desirable trait in a breeding animal. 

There appears, however, to have been little specific research to measure 
the amount of variation in progenies of different sires or to determine possi- 
ble herd changes in production merit when selecting only proved sires with 
uniform gets. The only work on this subject known to the writer is that of 
Smith and Robison (3). Incidental to another investigation, these workers 
made a brief study of the differences in uniformity of progenies. Only a 
limited amount of data was available but their findings indicated that; 1) 
sires differed in the uniformity of progenies produced, 2) there was no 
apparent connection between the number of daughters tested per progeny 
and the variability of the progeny, 3) there was no relation between varia- 
bility and yield of daughters and 4) sires existed which produced daughters 
with high yields and low variability and could, therefore, be selected for 
breeding purposes. No estimates were made of the changes that might 
have resulted from selecting for uniformity in a breeding program. Sta- 
tistical tests were not used to determine the reliability of the findings. 

The present study was undertaken to investigate the value of considering 
the uniformity of a sire’s offspring in a long-time breeding program. The 
specific questions investigated were: 1) How much do progenies of different 
sires vary in uniformity? 2) How repeatable is the uniformity of successive 
groups of a sire’s daughters? 3) To what degree does a sire determine the 
uniformity of his daughters? 4) Is there any relation between the uni- 
formity of the progeny and the inbreeding of the sire? 5) Is the ability to 
produce uniform gets heritable? 6) What changes could a breeder expect 
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to accomplish by continuous selection of sires with highly uniform daughters 
or with highly variable daughters? ' 


DATA STUDIED AND MEASURE OF VARIATION USED 


Dairy cattle are the only farm livestock, other than poultry, upon which 
sufficient data are available for investigating the above questions. Dairy- 
men ha've stressed both uniformity in type and uniformity in production. 
The small amount of data available on type, however, made it necessary to 
limit the present study to production. Of the production records, only fat 
records were studied. This choice was made because of the large amount 
of labor required for investigating both fat and milk records, the more gen- 
eral interest in fat production, and the small probability of gaining addi- 
tional information by studying both sets of production records. 

The fat records selected for study were those of progenies tested in Herd 
Improvement Registry under the auspices of the Holstein-Friesian Associ- 
ation of America up to September 30, 1938. The progenies studied were all 
those consisting of 20 or more tested daughters out of tested dams, and all 
those consisting of 10 or more tested daughters out of tested dams, provided 
each progeny was tested in a herd with another similarly tested progeny or 
was sired by a bull that had a father or a son with a similarly tested progeny. 
A total of 256 gets met these requirements. 

Selecting gets on the basis of the above qualifications gave 10 as the 
minimum number of daughters for determining the uniformity of any prog- 
eny. With fewer than 10 daughters the measure of uniformity used (vari- 
ance) was too unreliable to be of much value in measuring the character 
sought. In the data studied, the pooled variance and its standard error of 
variance when based on 5 daughters was 9,762 + 6,903; on 10 daughters, 
9,762 + 4,602; on 15 daughters, 9,762 + 3,690; and on 20 daughters, 9,762 
+ 3,167. To have required more than 10 daughters would have reduced the 
number of progenies available to the extent that reliable results would have 
been unattainable. Also the findings would have been of little value to 
dairymen as few can wait for more than 10 daughters when selecting proved 
sires. 

In the progenies consisting of 20 or more daughters, only 20 were studied. 
These were the first 20 to freshen with the qualifications that all were tested 
in one herd, that each had at least one complete record, and that each was 
the offspring of a different dam. In those gets where fewer than 20 indi- 
viduals met these qualifications, enough daughters were added to bring the 
number up to 20 by including, first, those eliminated because they were out 
of the same dam as a daughter that had freshened earlier ; second, those with 
incomplete records; and third, those tested in more than one herd. The 
progenies composed of 10 but less than 20 daughters were similarly chosen, 
and all of the daughters that met the requirements were used. Where fewer 
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than 10 daughters qualified, the requirements were relinquished as before 
until there were 10 daughters in each get. Each of the progenies not meet- 
ing all of the original requirements, however, was marked, and the results in 
the initial comparisons are given with and without them. 

The herd in which each daughter was tested was not given, in the Herd 
Improvement Registry reports. For this study it was assumed that each 
cow was tested in the herd of the owner as listed in the Herd Registration 
books. Thus the daughters of some sires, although considered as tested in 
one herd, may actually have been tested in two or more. This may or may 
not have affected the uniformity of some of the gets. Most daughters, how- 
ever, remain in the herd in which they are born. Furthermore, only rarely 
would those that were sold go into herds in which H.I.R. testing was being 
done. It is doubtful, therefore, if much error was introduced into the study 
by the above assumption. 

Only one record per cow was used. This was the first completed record 
for all daughters and for all dams with only one daughter or with only one 
completed record. When adam had more than one daughter and more than 
one completed record, the first lactation record was used as the production 
of the dam for comparison with the first daughter, the second record was 
used as the production of the dam for comparison with the second daughter, 
ete. This latter procedure was followed to prevent random errors from 
being magnified when adjusting the variance of the daughters for that of 
the dams. When it was necessary to use an incomplete record in a progeny, 
the record was corrected by the factors used by the Holstein-Friesian Associ- 
ation for this purpose. 

Age and ‘‘times milked per day’’ corrections were made by bringing all . 
records to a mature ‘‘B’’ basis. The factors developed by the Holstein- 
Friesian Association from H.I.R. records were used for this purpose. 


Sx? 
Variance lv 


n—1 
Standard deviation might have been used, but this would have involved an 
extra operation with no increase in the accuracy of the findings. Measures 
such as range and coefficient of variation were too incomplete to answer the 
questions proposed. Also, they were not adaptable to certain necessary 
statistical tests. 

Since the variation in the dams might have been a pertinent factor in 
causing some progenies to be more or less alike than others, an adjusted 
variance was also calculated for each progeny by considering the production 
of the dams. The adjusted variances were calculated by use of the formula, 

Sy?- (Szy)? 


2 
—— as given by Snedeeor (4). Each relationship studied 


| was used as the measure of uniformity of the gets. 


Vy z= 


was made on both the adjusted and non-adjusted variance of the daughters. 
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Selection of records in the above manner eliminates variation that might 
result from 1) daughters being tested in more than one herd, 2) some proge- 
nies being more thoroughly tested than others, 3) differences in ages of ani- 
mals composing the progenies, and 4) differences in ‘‘times milked per day.’’ 
It also allows adjustment of the variance of the daughters for that of the 
dams. Thus the data studied here should be as free from environmental 
variation as can be obtained in other than a specially planned experiment. 


FINDINGS 


The amount of variation between progenies. Large differences were 
found to exist in the uniformity of the 256 progenies studied. On the basis 
of records of the first 10 daughters, the range in variances was from 1,296 
to 38,870 with an average of 9,762. The most uniform get had a range in 
fat production of 95 pounds (difference between lowest and highest pro- 


TABLE 1 
Differences in variances of progenies 
Variances 
Progenies compared D/f justed for oe 
dam’s 
production production 
chi-square chi-square 
255 |. 420t 740t 
Progenies with all daughters tested in one herd 225 372t 371t 
Progenies with all daughters tested in one herd, 
and with all records complete .............. . 153 265+ 263+ 


a In this paper a single asterisk (*) or the word ‘‘significant’’ has been used to indi- 
cate that the value would occur by chance in not more than 5 nor less than 1 per cent of 
the trials. A dagger (t+) or ‘‘highly significant’’ indicates a value that would oceur by 
chance in less than 1 per cent of the trials. 
ducing daughters), while the most variable one had a range of 728 pounds. 

To determine whether the variation in uniformity of gets was more than 
might be expected when sampling from a normally distributed population, 
the progenies were grouped as shown in table 1 and Bartlett’s (1) test for 
homogeneity of a set of variances was applied. 

The differences between progenies in each of the groupings were highly 
significant. Adjustment of variances for production of dams had practi- 
cally no effect on the significance of the differences found. In those proge- 
nies with all daughters tested in one herd, all records complete, and variances 
adjusted for production of dams, the probability of such variation occurring 
by chance alone was less than one in 10,000,000. Some progenies were defi- 
nitely more uniform than others. 

Causes of variation in uniformity of gets. There are many factors other 
than sire, however, that could have created the differences found in the uni- 
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formity of the progenies. Variation in feeding and management practic¢es, 
such as feeding some herds according to individual production and others 
at one level, or culling some herds closely and others not at all, would tend 
to create differences in the variation of gets or herds. 

To arrive at an estimate of the sire’s effect on the uniformity of his 
daughters, the repeatability of the uniformity between samples of daughters 
within gets and between gets tested in the same herds was calculated. The 
measure of repeatability used was the correlation coefficient. The variances 
were converted first to log. to correct for the non-normal distribution. 
Table 2 shows the repeatability between the variances of the first and second 
10 daughters and between odd and even numbered daughters of those gets 
composed of 20 daughters. 

The repeatability within progenies was approximately 0.20, the relation- 
ship being slightly larger between the samples of gets covering the entire 


TABLE 2 
Repeatability of variance within progenies 
Variances 
Variances compared D/f justed for — 
dam’s 
pr production 
r r 
First 10 daughters with 2nd 10 of each get: 
All progenies 112 0.21* 0.19* 
Progenies with all daughters tested in one herd 97 0.17 0.16 
Even with odd numbered daughters of each get: 
Progenies with all daughters tested in one herd 97 0.27 0.18 


period (bottom two rows of table 2) than between consecutive samples. The 
differences between the methods of grouping the daughters were not sta- 
tistically significant but may have been real since management, seasonal, and 
other periodic differences would have fallen more largely between the first 
10 and second 10 daughters than between the odd and even numbered ones. 
Again the adjustment of variances for production of dams had little effect 
upon the size of the coefficients. 

Table 3 shows the extent to which gets tested in the same herd resemble 
each other in uniformity. All sire-son pairs were omitted in one comparison 
to eliminate likenesses that might have resulted from inheritance of uni- 
formity. The repeatability of uniformity of progenies due to herd manage- 
ment appears to be between 0.08 and 0.16. 

Subtracting the correlations between consecutive progenies tested in the 
same herds (table 3) from those between consecutive samples of daughters 
within progenies (table 2) gives an estimate of the sire’s effect on the uni- 
formity of his offspring. The best estimate would appear to be 0.16 minus 
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TABLE 3 
Repeatability of variances of consecutive progenies tested in the same herd 
Variances 
Variances compared D/f justed for bn eel 
production 
All progenies with daughters tested in one herd. 115 0.16 0.09 
All progenies with daughters tested in one herd! | 
except sire-son pairs 113 0.15 0.08 


0.08 or 0.08. The progenies from which these values were caleulated were 
too few for these small coefficients to be statistically significant. It appears 
safe to assume, however, that the effect of the sire upon the uniformity of his 
get is small in the present population of dairy cattle. 

Relation of uniformity of progeny to inbreeding of sire. Genetic studies, 
to date, indicate that the only method by which a sire can affect the varia- 
bility of his progeny is by consistent production of uniform or non-uniform 
gametes. Thus the ability of a sire to produce a uniform get should be 
related to his coefficient of inbreeding. Table 4 gives the correlation coeffti- 
cients between the inbreeding of the sire and the variance of the offspring 
for all sires with 20 daughters out of tested dams. Thirty-six of the 114 
sires included in this comparison showed some inbreeding. (The inbreed- 
ing was calculated from 5 generation pedigrees.) The amount of inbreed- 
ing varied from 0.008 to 0.258, the average being 0.067. 

The negative correlations are as expected if homozygosity produces uni- 
formity in gets. The pooled variances of the progenies of the outbred and. 
imbred sires were 9,685 and 9,134 respectively. 

Relation of uniformity of sire’s and son’s progenies. The inheritance of 
the ability to produce uniform gets was investigated by correlating the vari- 
ance of a sire’s first 10 daughters with that of his son’s first 10 daughters. 
Correlations were calculated for all sire-son pairs and for all sire-son pairs 
in which all daughters were tested in one herd, the progenies were tested in 
different herds, and the sire and son were not both inbred. Inbred sire-son 
pairs were omitted in the latter comparison to avoid likenesses due to their 
both being inbred. The coefficients are given in table 5. 


TABLE 4 
Relation of variance of progeny to inbreeding of sire 
Variances | ane 
not ad- | Variances 
i adjus 
Variances compared D/f 
production production 
r r 
All progenies of 20 daughters ccm 112 -0.11 — 0.08 
All — of 20 — tested in one herd 
97 0.14 - 0.10 
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TABLE 5 
Relation of variance of sire’s and son’s progenies 
Variances 
Progenies compared D/f justed for 
production 
r r 
All sire and son progenies . 68 0.05 0.10 
All sire and son progenies that were tested in dif- 
ferent herds, all daughters of each tested in one 
herd, inbred sire and son pairs omitted ......... 34 0.04 0.05 
Again none of the coefficients were statistically significant. The best 


estimate is 0.05. This is not far from the zero which one would expect to 
find if the sire’s ability to control the uniformity of his get depended wholly 
upon his homozygosity. Homozygosity, of course, cannot be transmitted 
from sire to son, since it is a joint result of genetic likeness between sire and 
dam and is not a characteristic inherited from either one alone. 

Relation of fat yield to uniformity. Throughout the data there was a 
slight tendeney for high fat production to be associated with high variance 
and for low fat production to be associated with low variance. Considering 
only those progenies with daughters all tested in one herd, the correlation 
between yield and variance was 0.21{. Since there is a high correlation 
between the yields of successive samples of a sire’s offspring and between 
yields of unrelated sire progenies tested in the same herd (0.61¢ and 0.55 
respectively in this study), the question arose as to whether the repeatability 
of the variances observed was independent of the yield. The variances were 


TABLE 6 
Repeatability of variances adjusted for mean yield 
Variances 
not ad- 
Variances compared D/f justed 
for dam’s 
production 
r 
Variance of Ist and 2nd 10 of sires: 
All progenies 112 0.16 
All progenies tested in one herd een 97 0.11 
Variance of Ist 10 daughters of consecutive sires: 
All progenies tested in one herd : 115 0.07 
All progenies tested in one herd, sire-son 1 pairs omitted 113 0.08 
Variance of sire’s and son’s rere: 
All sire-son pairs ......... 68 0.05 
All sire-son pairs tested in different “herds, each 
progeny tested in one herd, inbred pairs omitted ....... 34 -0.01 
Variance and percentage of inbreeding of sire: 
All progenies with 20 daughters .. 112 - 0.12 
All progenies with 20 daughters tested in one herd only 97 - 0.13 
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adjusted for differences in yield by the use of a second degree regression 
equation of the type y=a+bx+czx*. Correlation coefficients were then 
calculated between the adjusted variances. The coefficients are given in 
table 6. 

The adjustment was consistent in reducing the size of correlations. It 
appeared, however, to have but slight effect on that portion of the variance 
controlled by the sire. In no case did it alter the general conclusions 
previously made. Here 0.03 becomes the best estimate of the sire’s ability 
to control the variance of his daughters, and this is not far different from the 
values of 0.02 and 0.08 found when no corrections were made for yield. 
Likewise, the best estimate of the relation between sire’s and son’s progenies 
becomes —0.01. This is not very different from the estimate of 0.05 previ- 
ously calculated, and it substantiates the belief that such little ability as 
the sire has to control the variance of his offspring depends upon his homo- 
zygosity and is, therefore, not heritable. The tendency for inbred sires to 
produce daughters that were less variable than those from random-bred 
bulls was almost unchanged (a correlation of — 0.13 with variances adjusted 
for yield and —0.14 with no adjustment for yields). 

Possible gains from considering uniformity of gets. Since sires were 
able to affect the uniformity of their progenies, it is evident that some 
changes in herds could be made by considering the uniformity of gets when 
selecting between proved sires. The advantages were calculated for sires 
with highly uniform gets and for those with highly variable gets since cer- 
tain benefits may accrue from either type of sire. Only the gains resulting 


in the immediate progenies of the selected sires were calculated, since the . 


ability to produce uniform or variable offspring appeared to be non-heredi- 
tary or nearly so. 

When the average yield of 2 gets is the same, the sire having the most 
uniform offspring produces fewer extremely poor or cull daughters. Like- 
wise, his best daughters are not as superior as those in the most variable get. 
The reduction in future culls from selecting sires with uniform gets was 
estimated by calculating the regression of the second 10 daughters on the 
first 10 and estimating the range of daughters by use of tue table given by 
Snedecor (4) for the ratio of range to standard deviation. In progenies 
producing 500 pounds of fat, the poorest future daughters of sires that had 
previously produced highly uniform gets (variance of 2,000) produced only 
10 pounds more fat than the poorest future daughters of those sires that had 
first produced highly variable daughters (variance of 18,000). Thus it 
appears there is little to be gained in the reduction of culls by using sires 
that have previously produced a group of uniform daughters. 

The chief advantage of using sires with highly variable gets is that the 
culling of a given percentage of the offspring results in higher average yields 
for the remaining daughters than when culling a similar percentage from 


| 
| 
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uniform gets. In these data, culling 10, 20, 30, and 40 per cent of the future 
daughters of sires that had produced highly variable gets (variance of 
18,000) resulted in gains of 1, 2, 3, and 5 pounds of fat respectively over that 
oceurring when similarly culling future offspring of sires that had produced 
highly uniform gets. Thus the advantage that might result from selecting 
sires with highly variable gets is also small. Furthermore, only 30 per cent 
of the above gain could be expected tu be permanent since the calculations 
were all based on single records. 

In the above examples, the differences were between the extremes. If no 


attention were given to uniformity, sires with progenies of average varia- 


bility would tend to be selected. Thus the actual gains from selecting for 
either high uniformity or high variability are less than the small values 
stated. Apparently a breeder can do little to alter the variation or produc- 
tion level of his future herd by selecting proved sires on the basis of uni- 
formity of their progenies. j 

DISCUSSION 


From the data studied here, it is clear that within the present dairy 
population some progenies are considerably more uniform than others. The 
chief cause of the difference, however, appeared to be environmental and/or 
the interaction of environment and heredity rather than direct sire effects. 
The best estimate of the sire’s own contribution to the correlation between 
the variances of two samples of his daughters was 0.03. The correlations 
from which this estimate was made (0.11-0.08 in Table 6) were not signifi- 
cantly different from zero; hence, little confidence can be placed in its exact- 
ness. It does seem reasonable to conclude, however, that. there is little 
repeatability in the uniformity of successive samples of a sire’s offspring 
and that only a small portion of that which exists can be attributed to the 
sire’s own influence. 

The small effect that the sire did have upon the uniformity of his get 
appeared to be directly associated with his degree of homozygosity. Wright 
(5) has shown that the only way to assure an increase in homozygosity where 
many genes are involved and where’ the character is not highly hereditary 
is by inbreeding. Thus if an inbreeding program were followed, an increase 
in the homozygosity of the genes for butterfat production would occur re- 
gardless of the type of selection practiced. Hence there can be little, if any, 
advantage in considering the variation of gets in order to reach the goal of 
uniformity. Furthermore, if the inbreeding were at all intense, all of the 
selection possible would be needed for other characters. Therefore, it is not 
evident how selection for uniformity, either with or without inbreeding, can 
be of value in developing a highly uniform or highly variable race of dairy 
cattle. 

In this study the inbred sires had an average inbreeding coefficient of 
0.067. The standard deviation in butterfat production for the progenies of 


| 
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these bulls was 96 pounds as compared to 98 pounds for those of all outbred 
sires. The amount of uniformity that might result from extensive inbreed- 
ing can only be estimated in this study. With genes acting additively and 
without dominance in a random-breeding population, } of the total heredi- 
tary variation is determined by the sire, } by the dam, and 4 by chance 
segregation at formation of the gametes. If there is epistasis or dominance, 
the fraction determined by the sire is generally somewhat less than 4. Thus 
in a random-breeding population the maximum hereditary portion of the 
variance of a sire’s progeny could be only 3 less than that in the entire popu- 
lation. If one assumes that 25 per cent of the total variance between cows 
mated to the same sire is due to heredity, the progeny of a random-bred sire 
would show 0.25 x 0.25 or 0.0625 less variance than a group composed of the 
daughters of many sires all tested in one herd. If an entirély homozygous 
sire were used, the reduction in variance would be 4, due to the use of only 
one sire, plus } due to elimination of chance at the segregation of genes in 
the formation of the spermatozoa, multiplied by 0.25, or 0.125 of that found 
in the entire population under uniform conditions. Considering the vari- 
ance of gets from outbred sires and outbred dams as 9,685 (the value found 
in this study), the expected variance in the progeny of a completely homozy- 
gous sire mated to outbred females would be 9,040. This gives a standard 
deviation of 98 pounds of butterfat for the daughters of the outbred bull 
and 95 pounds for those of the homozygous sire. Similarly the variance of 
the get of a homozygous sire mated to homozygous females, e.g., the variance. 
within an isogenic line, would be reduced 1.0 x 0.25 or 2,583, thus giving a 
standard deviation of 88 pounds of butterfat for daughters of the homozy- 
gous line. | 

An estimate was also made in this study to determine the behavior of the 
genetic variance with fat production depending upon 1, 2, and 3 pairs of 
genes at different frequencies when each gene was 1) equal and additive in 
effect with no dominance, and 2) equal and additive in effect with complete 
dominance. In all comparisons the females were considered as random-bred 
stock. Under the first assumption the variances of the progenies of the 
homozygous sires were always less than those of heterozygous sires and the 
frequency of the genes had no effect upon the variances of the gets. Also, 
the variances of the gets of the heterozygous sires were always greatest when 
the desired genes were either very scarce or very plentiful. Under the 
second assumption the changes in variation were not quite so simple. The 
genetic variation ranged from zero in the get of a sire homozygous for all 
dominant genes to a maximum in the get of a sire homozygous for all reces- 
sives. In general, dominance increased the variance of the progenies. 
Worthy of note was the fact that in several instances the progenies of homo- 
zygous sires were more variable than those of heterozygous sires. This 
occurred when the homozygous sires were pure for several pairs of recessive 
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factors and the females possessed a high frequency of the desired dominant 
genes. In such cases the progenies of the homozygous sires were less concen- 
trated in any one class than were those of the heterozygous males. Thus if 
dominance is important in butterfat production, inbreeding alone will not 
be a sufficient measure for predicting the variance of sires’ progenies when 
such sires are mated to random-bred females. Also, breeders should not be 
surprised if certain sires produce more uniform gets in some herds than in 
others if herds actually vary much in frequencies of desired genes. 

Extending these findings to other characteristics seems logical when such 
characteristics depend upon several gene pairs and when they are not highly 
hereditary. These qualifications appear to include most quantitative charac- 
teristics of much economic value to livestock producers. Until further work 
is done on this subject it would seem desirable to give little, if any, consider- 
ation to uniformity of gets when selecting proved sires. Neglecting uni- 
formity leaves the breeder free to select more effectively for factors of real 
economie value. 

The emphasis placed on uniformity of type in get of sire, produce of dam, 
and herd groups at state and national fairs probably need not be altered 
since the uniformity of such groups has never been used by many as a real 
measure of the sire’s or dam’s progeny. Selecting show-ring groups in part 
for uniformity produces a more pleasing display for the public. If breeders 
understand why the emphasis is placed upon uniformity of groups at exhibi- 
tions, such selection should in no way affect the progress of the breeds. 


SUMMARY 

A study of the uniformity of 256 gets was made. The progenies differed 
significantly in uniformity, but only a small portion of this difference was 
attributable to sires. The small effect that sires exerted upon the uniformity 
of their gets was directly associated with their degree of inbreeding and was, 
therefore, non-hereditary as it could not be passed from sire to son in non- 
inbred populations. 

The reduction in culls possible from selecting only sires that had previ- 
ously produced highly uniform gets was too small to be worth considering 
in a breeding program. The additional increase in average production of 
a herd resulting from selecting only sires that had produced highly variable 
gets and culling a given percentage of the poorest daughters was likewise 
insignificant. 

There appears to be no justification for considering the uniformity of 
fat records of progenies when selecting proved sires. Similar conclusions 
seem appropriate regarding selection for uniformity in any character which 
depends upon several gene pairs and which is not highly hereditary. 
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Much recent experimental work has been directed at establishing tests 
for determining the potential fertility of semen samples before they are 
inseminated. Obviously, the final test is whether or not a satisfactory por- 
tion of the cows inseminated actually conceived. When this fact is known, 
however, irreparable damage may already have been done by a relatively 
infertile bull. If possible, an estimation of the probable fertility of semen 
samples should be made before they are used for insemination. 

From the body of experimental work which has been reported, a number 
of items believed to be associated with fertility have been established. These 
items collectively have been referred to as denoting ‘‘quality’’ of semen for 
they appear to be associated with the potential fertilizing capacity of the 
semen. Among these items a high proportion of normally formed, vigor- 
ously motile spermatozoa, which are capable of continuing vigorous progres- 
sive movement, has been generally accepted as necessary for high fertility. 
Different methods have been devised for subjecting spermatozoa to adverse 
conditions for a short time to test their probable ability to remain motile | 
over long periods (2, 10, 12, 14). 

Certain other characteristics that have been considered as important to 
quality in semen are the proportion of morphologically abnormal sperma- 
tozoa (22), spermatozoa count (21), initial pH (4, 16), volume of the ejacu- 
late (10), ascorbic acid content of the ejaculate (15), and the relative rates 
of glycolysis (3), and of respiration (3, 20). These criteria have been re- 
ported to be significantly related to fertility (3, 5, 6, 10, 12, 15, 19, 20, 22). 
Some of these items may be readily measured, others require more time than 
is available, or require laboratory facilities and skilled scientists not readily 
available to the usual artificial breeding organization. What is needed is a 
rapid, dependable method which is simple enough to be performed routinely 
in any usual artificial insemination laboratory. 

Studies on the rate of glycolysis (3) or on the rate of respiration (20) 
seemed to provide the soundest basis for developing a quick, easy test for 
determining quality of semen. Based on this approach, a method for deter- 
mining the reaction rate in the metabolism of spermatozoa was proposed (2). 
It consisted of determining the time, in minutes, required for semen diluted 
at a standard rate with yolk-citrate, to reduce a 1: 40,000 concentration of 
methylene blue. This methylene-blue reduction time was shown (2) to be 
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correlated with spermatozoa numbers and initial motility of the spermatozoa. 
Later it was shown that the usual numbers of bacteria do not interfere with 
the results of the test on fresh samples (7). 

Methylene blue is reduced through its acceptance of 2 atoms of hydrogen. 
It is not definitely known at what point in the intermediary metabolism of 
nutrients by spermatozoa the hydrogen is donated. Nor is it known, if the 
methylene blue were not present, whether or not these 2 hydrogen atoms 
would normally be accepted by oxygen. More probably the normal hydro- 
gen acceptor is an intermediary product in glycolysis which would subse- 
quently form lactic acid. Evidence is available (9, 11) to show that a major 
part of the energy for spermatozoa motility is obtained from glycolysis. 
Thus, the study reported here was designed primarily to determine the rela- 
tionship between the time required by individual semen samples to reduce 
the methylene blue and their ability to convert glucose to lactic acid. 

Also, it was planned to determine the relationship between the methylene- 
blue reduction test, as expressed in minutes, and as many of the other criteria 
of semen quality as was possible. Since it required all of these semen 
samples for the determinations, it was impossible to test these samples for 
fertility. A study is now in progress to determine the relationship between 
the test and field results of insemination. 


EXPERIMENTAL 


Methods. Semen was collected from 39 bulls of the Cornell University 
herd and the New York Artificial Breeders’ Cooperative by routine methods. 
The ejaculates of series A, B, and C were collected at various intervals 
throughout the past year, 1943-1944. 

An aliquot of each fresh ejaculate was placed in a sub-zero freezing unit 
as soon as possible after collection (3-5 minutes) for subsequent glucose and 
lactic acid analysis. Volume measurements, spermatozoa counts, motility 
estimates, pH measurements, ascorbic acid determinations, and smears for 
staining and the later determination of the proportion of morphologically 
abnormal spermatozoa were also made on the fresh ejaculates. Each semen 
sample was then diluted at the rate of 1 part semen to 4 parts of the yolk- 
citrate diluent, the methylene-blue test made, and the percentage of sperma- 
tozoa still motile after an hour’s incubation at 46.5° C. determined. When 
portions of the samples were to be stored, the diluted samples were gradu- 
ally cooled to 5° C. and maintained at this temperature throughout the stor- 
age period of 10 days. Aliquots were removed from the diluted samples for 
glucose and lactic acid analyses at the start and termination of incubation 
(1 hour at 46.5° C.) and before and after storage (10 days at 5° C.). The 
percentage of spermatozoa still motile after low-temperature storage or after 
incubation was designated as ljvability. 

The micro-blood-sugar method of Horvath and Knehr (8) was used, with 
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TABLE 1 


Correlation coefficients showing relationship between the methylene-blue reduction test 
and various characteristics of fresh semen 


Num- Spermatozoa } 
Sam- Ascor- . 
ple ber of | volume ; % pH bic Glu- —_ 
series ame Count | Motility | abnor- acia | ©°8 acl 


mal 


A 43 | —0.38* | —0.74** | —0.70** | 0.07 | 0.48** | -0.30 | -0.07 | -—0.37* 

B 32 | -0.16 — 0.73** | —0.23 0.25 | 0.42* 0.01 0.26 | —0.38* 
Cc 41 | -—0.38* | -—0.57** | —0.83** ‘ 

All 116 | —0.30** | —0.58** | —0.50** | 0.15 | 0.50** | —0.08 | —0.03 | -0.42** 


* Significant at the 5 per cent level of probability. 
** Significant at the 1 per cent level of probability. 


slight modifications to adapt it to the material being studied, for glucose 
analyses. Lactic acid determinations were made according to the method 
of Barker and Summerson (1). Protein-free filtrates of the undiluted 
and diluted semen were prepared by the method of Somogyi (18). 

The proportion of abnormally formed spermatozoa was determined after 
500 spermatozoa on each smear had been examined. The number of abnor- 
mal spermatozoa was expressed as a percentage and included all abnormali- 
ties found excepting the tailless heads. Calculations including these latter 
abnormalities have been made (13), but the results were similar and are not 
reported here. 

The relationships between the methylene-blue reduction test and the 
various other items measured, and their relationship te one another, are 
presented as correlation coefficients calculated in the standard way (17). 
The correlation was considered to be signifieant* or highly significant**, 
as the case may be, when the probability was less than 5 per cent, or less 
than 1 per cent, respectively, that a coefficient of that magnitude could have 
occurred by chance with the numbers of paired observations studied (17). 
Such data are not proof of physiological relationships. However, the data 
indicate that the rate of reduction of methylene blue is a measure of cellular 
metabolism. 


TABLE 2 


Correlation coefficients showing relationship between the methylene-blue reduction test 
and measures on diluted semen after incubation and storage 


a le | Number After 1 hour at 46.5° C. After 10 days at 5° C. 
series Glucose Lactic Glucose Lactic 
ulates loss acid gain Livability loss acid gain Livability 

B 32 —0.60** | —0.64** 
Cc 41 — 0.55** | -—0.71** | -—0.53** — 0.07 — 0.55** — 0.41** 
All 116 — 0.55** — 0.64** 


10°0 - 60°0 - @BOONTE 
80°0- 
| 09 OF T 490fV 
| | payne 
| | 
| “your 
qunog 
Ayyiq ured prow 880] ured prow prov prow % 
oG OT 1943 oG OF “AY 1945 V 
Woules 


uaumas paynpp puv ysasf fo snorsva fo Burmoys 


ATAVL 


THE METHYLENE-BLUE REDUCTION TEST 125 


RESULTS 


The results of the studies are presented in tables 1, 2 and 3. Table 1 
presents the relationship between the reduction time in minutes and the 
several observations on fresh semen. In table 2 is shown the relationship 
between the methylene-blue reduction time and items measured after incu- 
bation for 1 hour at 46.5° C. and, in the case of the 41 samples in the C 
series, after storage for 10 days. In table 3 the relationship between each 
item and each of the others is presented. 

The correlation coefficients shown in tables 1, 2, and 3 may appear low to 
readers familiar with published data regarding the relationship between 
various semen characteristics and fertility. It should be borne in mind that 
the data presented here are calculated on the basis of individual semen 
samples. Other investigators have apparently grouped their data, aver- 
aged it, and, then, calculated correlation coefficients from the average values 
obtained. Such treatment of the data eliminates much of the variance found 
in data of this type and renders prediction for any given semen sample diffi- 


cult. 
TABLE 4 
Comparison of correlation coefficients found using grouped and ungrouped data to 


determine the degree of association between methylene-blue reduction 
time and various semen characteristics 


Diluted semen 


Fresh semen After 1 hr. at 46.5° C, 


| 
Data | 


Vol- | Sperm. | Sperm. H Ascorb.| Glu- | Lactie |Glucose —_ Liva- 
ume | count | mot. | P acid | cose | acid | loss | * bility 
gain 
Not 
grouped | 0.30°*|-0.58°° —0.50**|0.50**| -—0.08 |-0.03 |-—0.42**|—0.55** |-0.64**|-0.52** 
Grouped |-0.81* |-0.63 /|0.75* | —0.16 |-0.08 |-0.56 |—0.78* |-0.75* '—0.89** 


The correlation coefficients caleulated from the average values for each 
of 7 classes arranged according to 4-minute intervals in methylene-blue 
reduction time are shown in comparison with the data calculated on indi- 
vidual samples in table 4. The coefficients are increased in most cases by 
the grouping, for much variance was eliminated by averaging the individual 
values. In some cases the statistical significance of the coefficients was lost, 
as such tests of significance had to be based on but 6 degrees of freedom (17) 
rather than the larger numbers concerned in the calculations for individual 
semen samples. 

DISCUSSION 


The data presented in this paper show that the characteristics of fresh 
semen samples which were most highly correlated with the rate at which 
those samples reduced methylene blue were spermatozoa count, initial motil- 
ity of the spermatozoa, pH, and initial lactic acid content. Contrary to the 
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earlier finding in our laboratory (2), the ascorbie acid content of these 
semen samples was not significantly correlated with the results of the test. 
In all probability spermatozoa numbers and the proportion of activity motile 
spermatozoa were the cause for the existing relationships shown ; methylene- 
blue reduction time, pH and initial lactic acid level being results. The pH 
was lowest, and the initial lactic acid level was highest, in those semen 
samples having the highest spermatozoa counts and the highest initial per- 
centage of motile spermatozoa. 

The data also show that the methylene-blue reduction time of fresh 
semen samples was correlated with the glucose loss and lactic acid gain after 
1 hour’s ineubation at 46.5° C. and with the ability of spermatozoa in those 
semen samples to remain motile after this rigorous treatment. For storage 
at 5° C., however, methylene-blue reduction time was significantly correlated 
with livability and with lactic acid gain, but not with the levels of glucose 
lost during this storage experiment. 

In this connection it is interesting to note that while glucose loss during 
incubation was correlated with livability during incubation, glucose loss, 
either during incubation or storage, was not correlated with motility after 
low-temperature storage. However, lactic acid gain in both instances was 
related to livability, the correlation coefficients being highly significant 
mathematically in both cases. The authors interpret these facts as evidence 
that a major portion of the energy for motility of bull spermatozoa is derived 
from the break-down of glucose to lactic acid, but, also, that glucose is broken 
down in stored diluted semen by other mechanisms not yielding lactic acid 
as an end-product, and not yielding effective energy for spermatozoa motil- 
ity. 

The data presented bring to light an important observation which, here- 
tofore, had not been observed. In these studies semen samples of high sper- 
matozoa counts did not live as well during storage as did samples of Jower 
counts. The correlation coefficient between count and livability at 10 days 
was — 0.15 and was not statistically significant. However, while not reported 
here, glucose analyses were made for all diluted semen samples after 2, 4, 
6, 8 and 10 days of storage. The semen samples containing 1,400,000 to 
1,800,000 spermatozoa per mm.* frequently ran out of glucose before the 
end of the storage period, and motility ceased soon thereafter. This fact 
was largely responsible for the lack of association between spermatozoa count 
and lactic acid gain after 10 days’ storage. That the high count samples 
were able to catabolize nutrients at a rapid rate when glucose was available 
is indicated by the correlation between count and lactic acid gain during 
incubation at 46.5° C., when in no case was there a deficiency of glucose. 

The fact that there was no important relationship shown between the 
percentage of morphologically abnormal spermatozoa and.the methylene-blue 
test, or the glucose loss ‘and lactic acid gain during incubation, suggests that 
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these structurally abnormal spermatozoa utilize nutrients at a rate similar 
to normal spermatozoa. Comstock et al., (3), have observed the same gen- 
eral fact with ram spermatozoa. Thus, it would appear that for a complete 
assay of semen quality a determination of the proportion of abnormal forms 
in semen would have to be carried out. However, it is encouraging to note 
that semen samples containing the higher proportion of abnormal forms 
failed to survive incubation as well as those samples with a smaller pro- 
portion. 

Obviously, the methylene-blue test is not as precise a measure of the 
ability of spermatozoa to survive storage as might be desired. However, it 
is an objective procedure, requiring very little equipment and technical skill, 
which can be carried out in only a short time, and the information it supplies 
is available when needed, before the sample is used for insemination. In 
conjunction with motility estimates and a knowledge of the spermatozoa 
concentration, it provides a simple, satisfactory method for predicting within 
reasonable limits how well a semen sample, when properly diluted and 
handled, will live. 


SUMMARY 


The relationship of the methylene-blue test to other criteria of measur- 
ing semen quality is shown by correlation coefficients. In the samples of 
this study the methylene-blue test was not significantly correlated with the 
proportion of morphologically abnormal spermatozoa, nor with ascorbic acid 
content or the initial glucose level of fresh semen, nor with the glucose loss 
in diluted semen after 10 days’ storage at 5° C. 

Statistically highly significant correlations were shown between the 
methylene-blue reduction time and volume of the ejaculate, spermatozoa 
count, initial spermatozoa motility, initial pH, and the initial lactic acid level 
of fresh semen. Equally significant associations were shown in diluted 
semen with the methylene-blue reduction time by glucose loss, by lactic acid 
gain, and by livability after an hour’s incubation at 46.5° C., and by lactic 
acid gain and by livability after 10 days’ storage at 5° C. 

The methylene-blue reduction test, along with spermatozoa count and 
initial motility estimates, is recommended for routine prediction of semen 
quality. 
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INFLUENCE OF ADDED RENNIN UPON CURD-FORMING 
PROPERTIES AND PEPTIC DIGESTION OF MILK 


BERNHARD SPUR anv IRVING J. WOLMAN 
Milk Research Laboratory, Children’s Hospital of Philadelphia 


This paper describes the first of a series of chemical studies designed to 
obtain more quantitative information than is at present available concern- 
ing the comparative digestibility of coagulated rennet-custards as compared 
with liquid milk. 

BACKGROUND 


Commercial rennin, known as rennet, is a partially purified extract from 
calf gastric mucous membrane, widely used in cheese-making and in making 
rennet-custard desserts. For this latter purpose rennet comes in both tablet 
and powder form, the latter containing added mineral salts, colloidal stabil- 
izers, sugar and flavor. 

Popular opinion holds that cow’s milk becomes more readily digestible 
after preliminary treatment with rennin. For this reason, as well as for 
palatability and ease of ingestion, rennet-custards are especially served to 
children, to elderly individuals and to patients with feeble digestive powers 
or gastrointestinal disorders. 

The mechanisms involved in the coagulation of cow’s milk are far from 
clearly understood. According to Linderstroem-Lang (11), casein in fresh 
milk exists as a system of three almost identical components, one forming a 
protective colloid for the others, which are poorly soluble, According to 
this hypothesis rennin attacks the protective colloid, rendering the entire 
casein system highly unstable. The altered casein, known as paracasein, 
unites with the calcium ions present normally in milk to form insoluble eal- 
cium paracaseinate (7), which precipitates. According to Hankinson and 
Palmer’s (9) hypothesis, the primary action of rennin is to dehydrate the 
casein molecule, decreasing the electrical charge and destabilizing the casein- 
ate micelles. More exact analysis of the mode of action of this enzyme 
should be facilitated by its recent isolation in pure crystalline form (8). In 
general, however, rennin coagulation may be regarded as the initial phase 
in hydrolytic dissociation of casein. 

No satisfactory evidence that rennin can break down the complex milk 
protein molecule beyond the paracaseinate stage has as yet been presented. 
Years ago Van Dam (17) stated that rennin will digest calcium paracasein- 
ate at a pH of 5, but later workers (6, 10) failed to find any increase in 
amino acid content of milk before and after coagulation. 

Reviewing the curdling behavior of ingested milk, Brennemann (2) in 
his pioneer studies had a young woman subject swallow raw milk which 
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had been coagulated by rennin and then beaten into thickened liquid form. 
The curds when regurgitated after one half hour were uniformly small and 
soft, finer than those from raw, pasteurized or boiled milk. After 60 min- 
utes few curds were left in the stomach. Control fresh milk, in contrast, 
gave rise to large rubbery indurated masses which remained for several 
hours in situ. 

Schlutz and Fetter (5, 14) performed digestion experiments in which 
milk was mixed with rennet powder and swallowed immediately while still 
liquid. Samples were withdrawn at regular intervals through a stomach 
tube left in position, and tested for the concentration of soluble nitrogen. 
The peak point of nitrogen was presented as the ‘‘height of digestion.’’ 
The assumption that such concentration of soluble nitrogen in the gastric 
contents may be taken as an index of digestive rate seems unsound, inasmuch 
as the rate and nature of diluting secretions and the emptying from the 
pylorus are highly variable and uncontrollable factors. Schlutz and Fetter 
reported the observed rise in nitrogen to be greater in milk specimens con- 
taining rennin than in controls, and the peak came earlier in 3 out of 5 sub- 
jects tested. They noted also the production of curds of diminished size 
when rennin was added in vitro. 

Although scientific studies on digestibility of rennin-treated milk are few 
in number, many standard texts on nutrition and dieteties (4, 12, 14a) reeom- 
mend rennet-custards as dietary aids in therapy. The American Medical 
Association’s report on soft curd milk (1) mentions that rennin modifies the 
coagulation behavior of milk in this direction. However, the evidence that 
the digestibility of milk becomes enhanced by rennin action rests chiefly 
upon empirical elinical experience. Convincing experimental investiga- 
tions have been lacking up to the present. Likewise, from the physiological 
approach, almost nothing is known concerning the result of preliminary clot- 
ting with rennin upon the subsequent fate of such milk within the human 
digestive tract. 

Although precipitated paracasein may be less complex molecularly than 
the casein precursor, its disintegration inside the body need not necessarily 
proceed more efficiently and quickly. In evaluating relative digestibility 
of milk and milk protein products, the size and consistency of the curds 
which form are factors that merit attention. 


PROCEDURE 


This study approaches the problem of digestion in terms of the rdle 
played by the stomach, comparing pasteurized cow’s milk with the same 
milk after clotting with rennin, from the aspects of (a) coagulating behavior 
and (b) rate of digestion in vitro. The in vitro conditions were patterned 
to reproduce with a fair degree of accuracy the conditions which obtain 
within the human stomach, taking data from older children (18) as the deter- 
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mining standard. The proportions of artificial pepsin and hydrochloric 
acid were in the same strength range as in gastric juice, and the artificial 
environment of temperature, motility and hydrogen ion concentration was 
set to approximate the natural state of digestion. The rennet preparations 
paralleled in general familiar household products. Three powders of in- 
creasing complexity were prepared, so constituted that the influence of 
. caleium could be noted in addition to the rennin itself: 

No. 1—Household rennet tablets, composed of powdered rennet—2.84 
per cent, and table salt—97.16 per cent. (One 0.55-gm. tablet per 
pint of milk.) 

No. 2—Rennet powder, containing salt with added sugar and vanilla 
flavor. Composition: sugar—98.59 per cent, salt—1.37 per cent, 
rennin—0.04 per cent. (36 gm. per pint of milk.) 

No. 3—Rennet powder with salt, sugar, vanilla flavor, and added calcium 
salt. Composition: as above, with rennin—0.013 per cent, and cal- 
cium—0.089 per cent. (45 gm. per pint of milk.) 

Powders identical with above, but free from rennin, were used as controls. 
The relative clotting potencies of the three preparations were shown to be 
approximately the same (test, 1: 25,000) by the National Formulary Test 
(13) for rennin. 

Methods. The influence of these three rennet preparations upon milk was 
studied from two approaches: (a) extent of proteolysis under circumstances 
resembling those occurring naturally in the stomach during digestion and 
(b) alterations in curd-forming properties. For these experiments the arti- 
ficial coagulation device described in an earlier publication (3) was utilized. 
The experimental specimens were placed in rubber bags, a synthetic hydro- 
chloric acid—pepsin mixture added, and the milk permitted to coagulate and 
digest with the apparatus in motion at body temperature. Proteolysis was 
measured by the increase in soluble nitrogen-containing products, using the 
standard macro-Kjeldahl method. Curdling patterns were followed by the 
eurd number technique (15). Conclusions were based on differences among 
the relative rates of digestion of rennin-treated milks versus control milks. 
Fifteen identical determinations were carried out with each of the three 
rennet products. Each determination consisted of an experiment done with 
11 bags of milk at 37° C. Five contained the rennet powder and five the 
enzyme-free control, and the extra bag held a control specimen of milk 
containing rennin-free powder to be removed after the first ten minutes of 
processing. This last was a blank test and served to denote initial soluble 
nitrogen content of the whey. Each bag contained 100 ml. of pasteurized 
milk freshly mixed with the powder being tested. After five minutes’ 
standing, a firm gel would form in the mixtures containing rennin, whereas 
all others would remain fluid. To each bag was next added 1 ml. of 0.6 
per cent solution of pepsin (N.F. Merck) and sufficient 0.1 NHCI, as pre- 
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viously determined, to change the pH of the milk to about 5.5. This repro- 
duces the approximate hydrogen ion concentration at which coagulation nor- 
mally takes place in the child’s stomach (18). The bags were agitated for 
30 minutes at 37° C. during which the contents of the control bags, hitherto 
liquid, would undergo coagulation. Two ml. of pepsin solution and addi- 
tional 0.1 N HCl to bring the pH down to about 2.5 were then mixed in. 
and the artificial digestion continued for an additional 24 hours. This 
sequence of manipulation was patterned after the changes which take place 
in the human stomach as continuing secretion of gastric juice, in response 
to contained food, raises the hydrogen ion concentration of the contents, 
activating pepsinogen into pepsin and initiating protein digestion. Repre- 
sentative bags were removed at successive stages of the procedure in order 
to determine the progress of the digestion. 

In a preliminary experiment, the exactness of the nitrogen determina- 
tion method as performed was determined on ten samples (100 ml. in each 
bag) of the same milk run through the digestion procedure simultaneously 
and analyzed separately by the macro-Kjeldahl technique. Maximum varia- 
tion was found to be 1.0 per cent. Values differing by 1.0 per cent or less 
may therefore be considered as equal. The increment of soluble nitrogen 
resulting from the addition of the rennet powder itself was negligible—only 
0.0001 gm. of nitrogen per 100 ml. of whey. 

The curd numbers were arrived at by pooling the curds from bags re- 
moved at 2, 24 and 3 hours respectively. Higher curd numbers indicate 
smaller curds, and vice versa. 

RESULTS 

A. The influence of added rennin upon curd-forming properties. With 
all three rennin preparations, the curds formed in the artificial coagula- 
tion device were consistently smaller than those yielded by the same milks 
before treatment with rennin (table 1), though with powder No. 3 which 
contained added calcium salt but less rennin, the difference in mean curd 
number as compared with that for the control was at the limit of error. 
From these observations it is clear that precoagulation with rennin tends to 
alter the curdling behavior of milk in the direction of smaller-sized curds. 

The differences in the values for the control milks are due to the fluctua- 
tions which take place in the curdling characteristics of market milk with 
changing seasons. The determinations on preparations No. 1 and No. 2 
were carried out during summer and fall, when milks in this locality become 
more soft curd in type (19). , 

The relative importance of calcium salt and rennin in affecting the curd 
size was studied more in detail. A series of experiments was performed 
with varying amounts of soluble calcium salt and rennet. All prepara- 
tions were tested simultaneously with the same milk substrates. In table 2 
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TABLE 1 


Curd number data for milks coagulated by three preparations of rennet, 
as compared with controls 


No. of Per- 
Milk coagulated by determi- Range Mean* centage 
nations increase 
#1. Rennet tablet (rennet, 
table salt) 
Control ..... 14 174-255 220 + 27.0 
Rennet anaes 14 222-299 280 + 21.1 27.3% 
#2. Rennet powder (rennet, 
salt, sugar, vanilla) | 
ET 15 160-287 228 + 42.0 
Rennet 15 220-299 274+ 22.4 20.2% 
#3. Rennet powder (rennet, 
salt, sugar, vanilla, sol. 
calcium ) 
Control . 15 | 153-202 176+15.8 
Rennet . | 15 | 146-238 | 185427. 5.1% 


* Plus or minus standard deviation. 


are presented the means of 4 series of 15 identical determinations. Statis- 
tical analysis of the original data shows that variations must be of the mag- 
nitude of 15 or greater to be significant. Hence, one may conclude the 
results of this series of experiments fail to substantiate the trend indicated 
(by the data in table 1) that calcium counteracts somewhat the curd size- 
reducing action of rennin upon milk. The reason for the discrepancy prob- 
ably lies in the inherent differences between the milks taken as substrates 
for the two series of studies. The first set of curdling tests was performed 
in winter, the second in the fall. The chemical constitution of milk is known 
to fluctuate with the seasons. A tendency, however, toward producing 
smaller curds with increasing amount of rennin and absence of calcium salt 
appears by comparing B-1 and B-2 with C-2, which represent the only 
eases where differences in curd numbers surpass 15. 

The blank test figures for the controls, which establish the nitregen con- 


TABLE 2 


Influence of various concentrations of rennet and of soluble calcium 
upon curdling response of milk 


Rennet Curdling 

Powder # (per pt. Calcium time at 
of milk) 98° F. 
gm, gm. min. 
A-1 0.028 0.021 195 4.05 
A-2 0.028 0.042 192 3.10 
B-1 0.007 0.021 185 13.30 
B-2 0.014 0.021 184 8.00 
B-3 0.056 0.021 193 2.10 
C-1 192 5.30 
C-2 0.056 inant 201 3.05 
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tent in the whey before digestion has taken place, were used also as the zero 
nitrogen value for the rennet-custard milks. However, since the rennet- 
custard milk was subjected to coagulation before pepsin was added, the 
question arose whether some difference in the nitrogen content of the whey 
would result from this change in physical form. To investigate this prob- 
lem, comparative macro-Kjeldahl tests were performed. The experiments 
showed, within limit of error, the same average value for both cases. The 
pH average in ten determinations was 5.43 for control milk and 4.69 for 
rennet-custard milk. This difference, noticeable at ten minutes, was found 
to disappear after 30 minutes. It is reasonable to ascribe the delayed re- 
sponse of buffer capacity of the coagulated milk to the slowed rate of dif- 
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Fie. 1. Average values of soluble N in control milk (M) and milk made into rennet- 
custard (MR) with #1 rennet tablets. Average of 15 series of 165 single tests. 


fusion of added acid through milk which has been coagulated. In vivo, 
where a constant secretion of hydrochloric acid takes place, the rennet- 
eustard milk—already coagulated when ingested—would establish a lower 
pH in the same time interval and in this way speed up the pepsin activity. 

B. The influence of added rennin upon proteolysis. The results of in 
vitro proteolysis of rennet-custard milk by pepsin are summarized and 
demonstrated in block graphs—Figs. 1, 2, and 3. The increases of soluble 
nitrogen following artificial digestion were calculated in terms of percentage 
of casein made soluble as well as in absolute figures. In every case, the 
milks which had been coagulated with rennin before exposure to the diges- 
tant pepsin-acid mixture broke down more rapidly. The control milks 
took approximately one-half hour longer to obtain the value achieved by the 
corresponding rennet-custard preparations. 
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25 

TIME IN HOURS 
Fie. 2. Average values of soluble N in control milk (M) and milk made into rennet- 

custard (MR) with #2 rennet powder. Average of 15 series of 165 single tests. 


The significance of these data lies not so much in the absolute values 
obtained, which are relatively small, as in the demonstration that coagula- 
tion with rennin prior to ingestion renders milk more susceptible to attack 
by the digestive enzymes. Intra-gastric coagulation and proteolysis are 
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Fie. 3. Average values of soluble N in control milk (M) and milk made into rennet- 
custard (MR) with #3 rennet powder. Average of 15 series of 165 single tests. 
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merely the first stages of the very complex series of physiological changes 
operative in digestion of milk. 

Several different hypotheses present themselves in explanation of accel- 
erated rate of chemical disintegration displayed by the rennin-coagulated 
milk. First, as already shown, rennet-custards yield smaller curds than 
does fluid pasteurized milk. Any difference in rate of proteolysis encoun- 
tered may be attributed wholly or in part to the possibility that enzymatic 
digestion is largely peripheral, and that the larger, firmer curds of the pas- 
teurized milk present a much smaller total curd surface area to the digestive 
medium than could an equal-sized mass of small soft curds from milk pre- 
treated with rennin. Second, rennin activity may facilitate directly the 
later action of pepsin as indicated in the tests with No. 3, where the differ- 
ence in curd size (curd No.) between control milk and rennet-custard milk 
is too insignificant to explain any difference in proteolysis derived from 
different surface area. It is perhaps significant that the accelerating action 
of rennin with respect to proteolysis seemed to give the pepsin digestion a 
‘‘head start,’’ which in some cases increased a little with the passage of time. 

As a third possibility, because of the mentioned slower buffer reactivity 
of rennet-custard milk, which developed a temporary higher acidity, some 
pepsin activity might be suspected in these samples. It seems improbable. 
however, that the pH of 4.7, existing for only about 30 minutes in rennet- 
custard milks, would give rise to a detectable pepsin activity compared with 
that taking place in the controls at pH 5.4, since the optimal activity for 
pepsin lies at a pH of 1.8 (16). 


SUMMARY AND CONCLUSIONS 


Artificial peptic digestion of normal pasteurized milks made into rennet- 
custards was subjected to experimental study from the standpoints of curd- 
ling properties and rate of pepsin-hydrochloric acid digestion in vitro. 
Three different commercial-type rennet preparations were investigated. 

The measured curd size was appreciably smaller for the rennet-custards 
than for the untreated controls under equal conditions. The presence of 
added calcium proved of inconstant importance in curd formation. The 
rennet custard milks digested at a somewhat more rapid rate, yielding more 
soluble nitrogen in the whey (measured by the macro-Kjeldahl method) 
than did control milks in the same digestion times. 
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SOME OBSERVATIONS ON THE EFFECT Of SULFA DRUGS ON 
BLOOD PLASMA ASCORBIC ACID LEVELS IN CALVES* 


NORMAN 8. LUNDQUIST anp PAUL H. PHILLIPS 


From the Departments of Dairy Husbandry and Biochemistry, College of Agriculture, 
University of Wisconsin, Madison, Wisconsin 


Sulfa drug therapy for the treatment of calfhood diseases has been 
reported to be quite successful by Herriott (6), Thorp (10), Thorp and 
Shigley (11), Thorp, Shigley and Anderson (12), Ehlers (4), and Farquhar- 
son (5). The success was attributed to the control of bacteria responsible 
for the disease. Studies at this station (Lundquist and Phillips (7)) have 
demonstrated a relationship in calves between blood plasma ascorbic acid 
concentrations and certain active infections of the type reported to be 
relieved by sulfonamide therapy. This would suggest that subnormal blood 
plasma ascorbic acid levels would be increased by sulfa drug therapy in such 
eases. A preliminary observation has indicated this to be true. In fact, 
the blood plasma ascorbic acid concentration in affected calves returned to 
normal more quickly when the sulfa drug was given than when ascorbic 
acid was given alone. The purpose of this paper is to present further 
observations on the effect of certain sulfonamides on blood plasma ascorbic 
acid levels. The method of Mindlin and Butler (8) was used in determining 
the blood plasma ascorbic acid values reported herein. 


THE EFFECT OF SUCCINYL SULFATHIAZOLE IN THE NEWBORN 


In the present experiment succinyl sulfathiazole was given in capsules 
to the newborn calf at the rate of two grams per day (50 to 70 mg. per ke. 
body weight) for a three-day period. It was also given for seven days to a 
group of calves raised from birth on a vitamin supplemented skim milk 
ration. This was much below the recommended therapeutic dose of 3.5 to 
5.0 grains per pound of body weight. It is apparent from table 1 that 
the administration of the succinyl sulfathiazole prevented the normal dis- 
appearance of blood plasma ascorbic acid and maintained higher concen- 
trations during the first week of life. The higher concentration of ascorbic 
acid in the blood stream in those calves fed the skim milk ration was due to 
the administration of one-fourth gram of ascorbic acid daily. The differ- 
ence in blood plasma ascorbic acid concentration between the skim milk and 
the whole milk fed calves under the influence of the drug was distinctly in 
favor of the former. 

Received for publication August 17, 1944. 
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THE EFFECT OF CERTAIN SULFA DRUGS IN HEIFERS 


The effect of succiny!] sulfathiazole, sulfapyridine, and sulfathiazole on 
blood plasma ascorbic acid was studied in Holstein heifers. These heifers 
were eight to nine months of age and had an average weight of 445 pounds. 
Succiny] sulfathiazole and sulfathiazole was given at the rate of 2, 10, and 
15 grams (approximately 10, 50 and 75 mg. per kg. respectively) daily. 
Sulfapyridine was administered at the rate of 10 and 15 grams (approxi- 
mately 50 and 75 mg. per kg. respectively) daily. Eight heifers were used 
for the 2-gram dosages, and two heifers were used for each of the other 
levels fed, with the exception of the 15-gram dose of sulfapyridine, when it 
became necessary to use only one heifer. Two heifers were kept as controls 
and given no treatment. They were used to observe daily blood plasma 


TABLE 1 


The effect of succinyl sulfathiazole on blood plasma ascorbic acid 
of the newborn calf (mg./100 ml.) 


Skim milk* diet from birth Colostrum—whole milk diet 
A Control 2 gm./day Control 2 gm./day 
in ll (no drug) for 7 days (no drug) for 3 days 
No. Mg. No. Mg. No. Mg. No. Mg. 
eases %C cases %C cases %C cases %C 
Birth 6 0.99 10 0.81 3 0.86 5 0.96 
1 5 0.67 10 0.79 5 0.53 5 0.61 
2 6 0.55 9 0.75 5 0.46 5 0.53 
3 5 0.41 5 0.44 
+ 6 0.44 9 0.47 5 042 | 5 0.47 
6 5 0.37 9 0.43 5 0.45 5 0.52 
8 3 0.43 6 | 
14 2 0.27 6 0.24 5 0.34 | 5 | 0.31 


* Supplemented with 250 mg. ascorbic acid daily for 10 days. 


ascorbic acid variations. The 2-gram dose was given for a period of three 
days, and the higher doses were given for seven days. 

Succiny] sulfathiazole did not appear to influence blood plasma ascorbic 
acid concentrations at the dosages fed (table 2). Variations which occurred 
do not indicate an effect which can be attributed to the sulfonamide, since 
their range was only slightly greater than that of the control animals. These 
variations are considered to represent normal daily fluctuations and present 
a much narrower range than that reported by Bortree, Huffman and Dun- 
ean (1). 

Sulfapyridine, when given at the rate of 10 and 15 grams daily, did not 
inerease the blood plasma ascorbic acid above that usually found in heifers 
of this age. The blood plasma ascorbic acid in the two heifers used in this 
part of the experiment averaged 0.53-0.56 mg. per 100 ml. for the first eleven 
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days. At this point it became necessary to continue with only one of the 
two heifers. When she was given 15 grams daily of sulfapyridine, there 
was an increase of from 0.46 mg. per 100 ml. on the first day to an average 
for the week of 0.53 mg. per 100 ml. in blood plasma ascorbic acid level. Fol- 
lowing the administration of the drug, the blood plasma ascorbic acid con- 
centration returned to an average of 0.45 mg. per 100 ml. 


TABLE 2 


The effect of certain sulfonamides on the blood plasma ascorbic acid in Holstein 
heifers (average values in mg./100 mi.) 


Con- Succinyl 
sulfathiazole Sulfapyridine Sulfathiazole 
Before 
| =. Daily dose Daily dose Daily dose 
= ment) | 2gm. | 10 gm. | 15 gm. | 10 gm. | 15 gm. | 2 gm. | 10 gm. | 15 gm. 
ment Number of animals per lot 

dayst | | 
— 0.60 0.60 0.59 0.57 
- 2 0.57 | 0.64 | 0.66 | 0.58 0.60 
- 1 0.61 0.51 | 058 | 0.37 | 0.57 0.59 0.55 0.58 

0 0.59 0.65 0.53 0.65 § 046 | 0.46 0.51 0.52 | 0.60 
+1 0.52 0.62 0.57 | 0.67 | 0.55 | 0.46 0.61 0.57 | 0.56 
+ 2 0.55 0.60 0.57 0.59 0.52 0.50 0.55 0.62 | 0.64 
+ 3 0.56 0.56 0.62 0.61 0.55 0.51 0.61* | 0.55 0.58 
+ 4 0.59 0.52 0.66 0.57 0.61 ate 0.66 0.66 
+ 5 0.51 0.50 0.59 0.65 0.51 0.54 0.68 0.72 
+ 6 0.58 0.52 0.54 = 0.47 0.62 0.64 0.73 
+7 0.57 ea 0.63* | 0.65* | 0.52* | 0.55* 0.64* | 0.75* 
i ao 0.63 0.64 0.55 0.43 0.59 0.72 
0.66 0.65 0.53 0.49 0.66 0.63 
0.60 0.59 0.48 0.51 0.64 
0.63 0.56 0.58 0.46 0.56 0.63 
+12 0.57 0.65 0.42 | i... 0.51 0.59 
0.68 0.55 0.45 0.60 0.50 


t — before treatment, + after treatment. 

* Drug discontinued. 

Sulfathiazole had no effect when 2.0 grams daily was given, and only 
slightly increased blood plasma ascorbic acid levels during the last four days 
of the feeding period when 10 grams daily was fed. When 15 grams daily 
was given, the ascorbic acid in the blood plasma rose from an average of 0.59 
mg. per 100 ml. to 0.75 mg. per 100 ml. in the course of one week. This is a 
significant increase and indicates a decided stimulatory effect. During this 
same seven-day period the blood plasma ascorbic acid concentrations in the 
two control calves remained quite constant, averaging 0.55 mg. per 100 ml. 
with a range of from 0.51 mg. per 100 ml. to 0.59 mg. per 100 ml. The blood 
level in those calves receiving the drug declined to normal levels within five 
days after it was discontinued, indicating little or no residual effect. 
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THE EFFECT OF CHLOROBUTANOL FOLLOWING SULFA DRUG ADMINISTRATION 

The results obtained with sulfathiazole suggested an action somewhat 
similar to that of chlorobutanol. This latter drug has been demonstrated to 
increase blood plasma ascorbic acid in the bovine by Bortree, Scheidenhelm 
and Huffman (3) and Bortree, Huffman and Duncan (2). For this reason 
four of the heifers were selected on the basis of previous solfonamide treat- 
ment and given 3 grams daily of chlorobutanol for two weeks. Calf No. 1 
had no previous treatment, No. 2 had been given 15 grams succiny] sulfa- 
thiazole for one week just previous to the initiation of the chlorobutanol feed- 
ing, Nos. 3 and 4 had previously received 10 grams sulfathiazole daily for 
seven days. The chlorobutanol administration of these latter two heifers 
was initiated on the sixth day after the completion of the sulfathiazole feed- 
ing period. Heifers 1, 3 and 4 were given the chlorobutanol for a two-week 
period while No. 2 received it for only a one-week period. 


— NO PREVIOUS DRUG 
SUCC.SULFATHIAZOLE TREATED WO.2 
SULFATHIAZOLE TREATED N? 344 
Fie. 1. The effect of chlorobutanol (3 grams daily) on the blood plasma ascorbic 
acid following sulfa drug administration. 


Chlorobutanol materially increased the blood plasma ascorbic acid levels 
in the heifer which had not previously received any drug treatment (Fig. 1). 
This increase was maintained throughout the two-week chlorobutanol feed- 
ing period, after which it returned to normal levels. The average blood 
plasma ascorbic acid concentration before the start of chlorobutanol feeding 
was 0.62 mg. per 100 ml., while the average during the course of this feeding 
period was 0.79 mg. per 100 ml. with a variation of from 0.68 to 0.98 mg. per 
100 ml. The heifer which had previously received succinyl sulfathiazole 
(No. 2) without showing an effect on blood plasma ascorbic acid levels aver- 
aged 0.59 mg. per 100 ml. before chlorobutanol feeding and during the 
feeding period 0.79 mg. per 100 ml., with a range of from 0.68 to, 0.81 mg. 
per 100 ml. 

The blood plasma levels of calves 3 and 4, previously given sulfathiazole, 
present a strikingly different picture. Results indicate a decidedly depréss- 
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ing effect (Fig. 1). Instead of any significant increase the ascorbic acid 
levels decreased from an average of 0.53 mg. to 0.34 mg. per 100 ml. in six 
days. The decrease was accompanied by a temporary loss in appetite. This 
decrease was followed by an increase which reached normal on the ninth day. 
The maximum blood plasma ascorbic acid level attained was 0.65 mg. per 
100 ml. 

DISCUSSION 


Although the 2-gram and 15-gram doses of succinyl sulfathiazole, given 
to the newborn calf and to older heifers respectively, represent only about 
10 per cent of the therapeutic dose (Thorp (10) ), the results seem to demon- 
strate an effect which differs as the animal matures. The maintenance of 
somewhat higher blood plasma ascorbie acid concentrations during the first 
few days of life in calves receiving the drug, as compared to the controls, 
may be due to the control of the coliform organisms of the gastro-intestinal 
tract; or it may exert its influence through the thyroid gland, since Schoch- 
ner (9) has shown that certain of the sulfa drugs inhibit the production of 
thyroxine by this gland. 

The results obtained when sulfapyridine was fed to the heifers are diffi- 
cult to interpret. The calves involved in this part of the experiment showed 
some variation in their blood plasma ascorbic acid levels previous to the 
initiation of treatment. However, it does appear that the 10-gram daily 
dose of sulfapyridine produced an increase in blood plasma ascorbic acid 
when it was below normal but did not raise this level above normal. The 
maintenance of normal levels following the drug administration may have 
been due to a residual effect of the drug. However, normal levels were not 
maintained after treatment with 15 grams daily. Thorp ef al. (12) and 
Thorp (10), in using sulfapyridine for treatment of calf pneumonia, have 
pointed out that toxic symptoms are apt to develop when blood concentra- 
tions of free drug exceed 10 mg. per 100 ml. They also point out that for 
most effective results the amount of drug should be decreased 0.3 grain per 
pound body weight every second day from the initial therapeutic dose of 
0.7 to 1.0 grain per pound body weight. They also present some evidence 
to show that the drug may be cumulative in the body. In this experiment 
the dosage was maintained constant; and although it was less than recom- 
mended for a therapeutic dose to begin with, it was considerably above 
recommended dosage before its administration was discontinued. The pos- 
sibility of toxicity may have been present, although no visible evidence of 
it was observed. Blood levels of the drug were not determined, nor was the 
animal sacrificed for autopsy. 

Sulfathiazole definitely effected an increase in blood plasma ascorbic acid 
when given at the rate of 15 grams daily for seven days. This was not evi- 
dent at the 2-gram daily dose, and only slightly apparent at the 10-gram 
daily dose. Since it has been recommended that the dosage of sulfathiazole 
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be reduced after the third day, as in the case with sulfapyridine, the 15-gram 
daily dose which we fed does exceed the therapeutic dose only on the last 
two days of the seven-day feeding period. In this latter case the dosage may 
have approached a level that was toxic. However, it is clear that the rise 
in blood plasma ascorbic acid is gradual throughout the seven-day experi- 
mental period and indicates an effect when the dose could not have been 
considered toxic. This increase appeared to be somewhat similar to that 
found by other workers when chlorobutanol was fed. 

It is interesting to note the relation which succinyl sulfathiazole and 
sulfathiazole have to the effects of chlorobutanol feeding on the blood plasma 
ascorbie acid level. The succinyl sulfathiazole had no measurable effect on 
the chlorobutanol-ascorbie acid response. The sulfathiazole apparently in- 
terfered with the chlorobutanol-ascorbiec acid mechanism or vice versa, since 
either one used alone stimulated an increased blood plasma ascorbic acid 
level above normal, but caused a reduction when given one following the 
other, even though there was a lapse of six days between the end of sulfa- 
thiazole administration and the beginning of the chlorobutanol feeding. 


SUMMARY 


The results of these experiments indicate that succinyl sulfathiazole, 
when fed at the low level of 2.0 grams per day to the newborn calf, was 
responsible for higher blood plasma ascorbic acid levels during the first 
week of life than those in untreated calves. No effect was noted when this 
drug was given at levels of 2, 10, or 15 grams daily for seven days to 8-9- 
month-old heifers. 

Sulfapyridine, at 10- or 15-gram daily dose, did not appear to effect an 
increase in blood plasma ascorbic acid above normal. However, administra- 
tion of the drug at the rate of 10 grams daily for seven days apparently in- 
creased subnormal levels up to, but not above, normal levels. 

Sulfathiazole, when fed at the rate of 15 grams daily, definitely stimu- 
lated an increase in blood plasma ascorbie acid similar to that of chloro- 
butanol, but different in that it required a longer period to reach peak levels. 

Chlorobutanol, fed at the rate of 3 grams daily for seven days, increased 
blood plasma ascorbic acid levels. This chlorobutanol-ascorbic acid response 
was not interfered with by the previous use of succinyl sulfathiazole; but a 
marked reduction in ascorbic acid concentration occurred when the chloro- 
butanol feeding period was preceded by the feeding of sulfathiazole, even 
though there was an interval of six days between these two feeding periods. 
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THE EFFECT OF ROUGHAGE INTAKE UPON THE FAT 
CONTENT OF MILK 


J. K. LOOSLI, H. L. LUCAS anp L. A. MAYNARD 
Laboratory of Animal Nutrition, Cornell University, Ithaca, New York 


Powell reported in 1938 (7) that, when the entire roughage component 
of the ration of cows was fed in a finely ground state, the fat content of the 
milk was markedly lowered with little effect upon the milk yield. Feeding 
a small amount of long or chopped hay and a large amount of grain had a 
similar effect (9). Espe and Cannon (1) failed in an attempt to confirm 
the work of Powell by feeding chopped hay, possibly because they simultane- 
ously fed some long hay or a liberal amount of corn silage. 

In an attempt to explain his earlier results Powell (8) found that, if the 
low-roughage ration was allowed to ferment before it was fed, the fat per- 
centage of the milk tended to increase toward normal. Feeding barley malt 
as a supplement to the low-roughage ration occasionally resulted in the pro- 
duction of milk with a normal fat content, but glucose or butyric acid lacked 
this effect. 

Experiments in our laboratory on the fat requirements of lactating cows 
(5) suggested a possible relationship between the levels of hay intake and 
dietary fat. This prompted a study of the specific effect of a low hay intake 
upon milk and fat secretion. 

: EXPERIMENT 1 


In September, 1941, two Holstein cows in advanced lactation and pro- 
ducing. about 20 pounds of milk daily were fed a ration consisting of 14 
pounds of timothy hay and enough of a grain mixture to supply 120 per cent 
of their theoretical energy requirements. The hay allowance was gradually 
reduced each week so that after 16 weeks only 1.0 pound per day was fed. 
As the hay intake was decreased, the concentrate allowance was increased to 
maintain the same calculated intake of total digestible nutrients throughout 
the experiment. During the period of gradually decreasing hay intake, the 
cows were much more irregular in yield of milk than were control cows being 
observed at the same time on normal herd rations, but only slight fluctua- 
tions were seen in the fat percentage of the milk. After 15 weeks on the 
experiment, when the hay intake was 2.0 pounds per day, however, the milk 
from cow 17 contained 3.8 per cent of fat as compared with 4.2 to 4.5 for 
previous weekly samples. Two weeks later the milk from cow 23 tested 
1.75 per cent fat as compared with 3.5 previously. The cows were then 
receiving 1.0 pound of hay daily and 25 pounds of grain mixture. The milk 
flow of cow 23 was only slightly below the level at the start of the test but 
the milk flow of cow 17 dropped considerably. From the eighteenth week 
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on, the fat percentages of both animals were within the normal range ob- 
served prior to the sudden decreases. This was despite the fact that, from 
the twenty-second to the twenty-fifth week of the experiment, all hay was 
withheld from the cows, and after that time they were fed 6 pounds of hay 
daily for 3 weeks and finally an unlimited amount. 


EXPERIMENT 2 


Eight more cows were selected for an additional test in December, 1942. 
Four of the cows were fed the regular herd ration, and the other four were 
given reduced roughage intakes. At the start of the test the cows were pro- 
ducing from 24 to 35 pounds of milk daily. The low production was due 


TABLE 1 


Average daily milk production and fat percentage as related 
to hay intake (experiment 2) 


1948-43 | Low hay High hay 

pnd Hay Milk Fat Hay Milk Fat 
intake intake* 
| Ib. % lb. Ib. % 

12/23 adlib. | 237° | 3.69 ad lib 27.3 3.46 
12/30 15.0 249 | 3.68 25 27.4 3.58 
| 
20 | 25 27.1 3.65 
127 23.6 | 3.15 25 | 268 3.65 
2/3 | 40 20.4 | 3.38 25 26.4 3.66 
2/10 | 3.0 19.0 345 | 25 | 247 3.64 
217 | 25 20.2 3.49 25. | 25.0 3.74 
2/24 | 25 19.5 3.70 25 | 25.6 3.84 
3/3 | 25 20.4 3.58 25 25.4 3.69 
3/10 | 85 19.6 3.53 25 24.5 3.69 
3/17 | ad lib. 16.1 3.76 ad lib. 25.3 3.74 
3/24 | adlib. 16.8 3.68 ad lib. 25.9 3.69 


to an advanced stage of lactation. For three weeks the low-roughage cows 
were fed 15 pounds of timothy hay daily and a grain mixture to furnish 
100 per cent of their theoretical requirements. The hay allowances were 
reduced twice each week until the daily intakes were 4 pounds. At that 
time two of the cows on low-roughage were changed to chopped hay (about 
one inch long), and the amount fed was maintained at 4 pounds. The other 
two were kept on long hay, but the daily allowance was reduced to 1.0 pound 
per day. The maximum grain intake of the cows on chopped hay was 24 
pounds per day and the others 26 pounds. After a period of 8 weeks on the 
low-roughage regime, the hay allowances were again returned to normal. 
The yields of milk and the fat percentage of the milk as related to the 
hay intakes are shown in table 1 and figure 1. On the average, the cows fed 
low-roughage showed statistically significant drops in fat percentage during 


: * Hay equivalent assuming 3 pounds of corn silage equals 1 pound of hay. 
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the fifth week of the experiment. At this time the level of roughage intake 
was 6.5 pounds per day. Highly significant drops from normal were ob- 
served when the hay intake was 5.0 pounds. There was a significant drop 
in milk yield during the seventh week of the experiment when 4.0 pounds 
of hay was fed daily. These decreases in fat percentage followed by a 
decrease in milk yield occurred before any feed refusals were encountered. 
After the decline in production occurred, difficulty was frequently experi- 
enced in keeping the animals ‘‘on feed’’ without reducing the grain allow- 
ance. Although it appears that, after the initial drops in fat percentage, 
the cows fed chopped hay differed from the two fed long hay, this difference 


x 


(OW-HAY (CHOPPED) 
40 


FAT % 


WEEKS ON EXPERIMENT 


Fie. 1. The milk yield and fat percentage as related to a low intake of hay. Second 
experiment, 


was not statistically significant. On the average then it appears that the 
low-roughage cows tended to return toward normal as regards fat percent- 
age. This, however, followed the decreased yield in milk and some reduction 
in grain allowance. 

After 13 weeks on experiment the cows were placed on ad libitum hay 
feeding and the grain allowance reduced to 10.0 pounds daily. A marked 
drop in milk yield resulted from this change (Fig.1). The decrease in milk 
yield at this time was probably the result of a lowered energy intake due 
to a temporarily reduced digestive capacity and inability to consume large 
amounts of hay. 

These tests confirm the work of Powell to the extent that they show a low 
intake of hay may result in an important drop in the fat content of the milk. 
There was generally some decrease in the yield of milk before any change in 
grain intake occurred. The results obtained were apparently more variable 
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than those reported by Powell. There existed the possibility that this was 
due to the advanced lactation and low production of the animals used. 


EXPERIMENT 3 


Ten cows producing from 31 to 64 pounds of milk daily were started on 
experiment in May, 1943. Throughout the test, the five animals in the con- 
trol group were fed 1.0 pound of hay and 3.0 pounds of silage (2 pounds 
of hay equivalent) for each 100 pounds of body weight, along with sufficient 
grain to satisfy their total energy requirements. The experimental group 
received no silage and was started at a hay intake of 16 pounds per animal 
daily. Sufficient grain was allowed to satisfy energy requirements as in the 
control group. The hay intakes were then decreased gradually until in the 


TABLE 2 


Average daily milk production and fat percentage as related 
to hay intake (experiment 3) 


(1943) Low hay High hay 
Week 
ending Perse a Milk Fat intake* Milk Fat 
lb. % lb. 1b. % 

5/25 16 41.3 3.36 30 41.8 3.31 
6/1 11 42.2 3.27 30 41.0 3.28 
6/8 7 39.6 3.33 30 39.7 3.40 
6/15 5 37.1 3.44 30 39.2 3.35 
6/22 5 36.4 3.21 30 37.1 3.27 
6/29 5 32.1 3.07 30 37.3 3.20 
7/6 5 28.8 3.04 30 34.7 3.38 
4/13 5 30.7 3.18 30 34.3 3.34 
7/20 5 | 29.3 | 3.28 30 31.4 | 3.45 
7/27 | 5 26.9 3.30 30 29.1 3.50 
8/3 5 25.5 | 3.34 | 30 26.6 | 3.60 
8/10 | 16 209 | 357 | 30 | 25.1 3.63 
| 16 21.5 | 3.71 30 23.9 | 3.45’ 


* Hay equivalent assuming 3 pounds of corn silage ee, 1 pound of hay. 


fourth week a minimum of five pounds daily was reached in the experimental 
group. This level of hay feeding was maintained for the eight following 
weeks after which time the allowances were again raised to 16 pounds per 
day. Throughout the experiment the production allowances of grain were 
adjusted for the two groups on the equalized basis (6). As hay was reduced, 
additional grain was fed to supply equal energy. 

The results are shown in table 2. As hay intake was lowered, the milk 
production and fat percentage of the low-roughage group fell increasingly 
below that of the control group. At the end of ten weeks on the low-roughage 
regime, when roughage was again raised to 16 pounds, fat percentage re- 
turned to normal or slightly above, but milk yield remained at the lowered 
level. 
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Statistical analyses did not indicate that the responses in either milk flow 
or fat percentage were definitely significant, mainly because of an erratic 
response. In view of the negative association between milk flow and fat per- 
centage, covariance adjustments were made. The response in fat percentage 
was thereby rendered significant when adjusted for milk flow; and con- 
versely, the changes in milk yield became significant when adjusted for fat 
percentage. Thus, a definite effect of low-roughage treatment upon milk 
production was demonstrated. 

DISCUSSION 


In general these studies confirm the findings of Powell in showing that 
the level of hay intake may influence the fat content of the milk. The 
magnitude of decrease resulting from a lowered roughage intake, however, 
was not as great as that observed by the above-mentioned worker. Appar- 
ently in contrast to his findings, lowered milk yields and some difficulty with 
appetite were simultaneously observed. Powell, however, placed his cows on 
low-roughage rations when fresh and carried them throughout their lacta- 
tion period. In the experiments reported here, most of the animals were in 
rather advanced lactation, even though some were at this time producing 
large amounts of milk. 

It seems entirely possible that the use of cows in early lactation, when the 
stimuli on production and appetite are great, would have given results more 
comparable with those of Powell. The combined results show that there is 
an optimum intake of coarse, bulky material for the most favorable produc- 
tion of milk and milk fat. 

These results, and the commonly observed craving for rough feeds when 
cattle of almost any age or type are placed upon low-roughage rations, indi- 
cate that roughage plays an important role in the nutrition of the ruminant, 
possibly because it makes a more favorable environment for the microorgan- 
isms of the digestive tract. 

That rumen fermentations play an important role in the normal synthe- 
sis of milk fat in cows is indicated by earlier research. Woodman and Evans 
(15) have reported that the anaerobic, in vitro fermentation of cellulose by 
cultures of rumen organisms resulted in the production of formic, acetic, 
butyric and lactic acids. It is not unlikely that beta-hydroxybutyric acid is 
an intermediate in the formation of butyric acid and the acetone may be an 
end product. It is interesting, therefore, that Shaw and Knodt (12) have 
presented evidence suggesting that beta-hydroxybutyrie acid may be con- 
cerned in the synthesis of milk fat. These authors (4, 11, 13), in studies 
concerning glucose therapy in cases of ketosis in milking dairy cattle, ob- 
served that the administration of large amounts of glucose, either by feeding 
or by stomach tube, resulted in a decrease in blood acetone bodies simul- 
taneous with a decrease in the production of milk fat but with little effect 
upon milk flow. Blood lactic acid was raised considerably at this time. It 
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was also found that the short-chain fatty acids of milk fat were appreciably 
reduced following the administration of large amounts of glucose to normal 
cattle, but this change in the composition of the butterfat was accompanied 
by a refusal of feed. During ketosis the short-chain fatty acids of milk fat 
were markedly reduced, and the administration of large amounts of glucose 
by stomach tube resulted in a slight rise in the short-chain fatty acids of 
milk fat. After recovery from ketosis, however, when no glucose was ad- 
ministered, the short-chain fatty acid content of milk fat was found to be 
much higher than during ketosis even when glucose therapy was employed. 
Other evidence that the products of rumen or other digestive tract fermen- 
tation may play an important role in the secretion of milk fat is seen in the 
observations of Smith and Dastur (14), who reported that during starvation 
the content of short-chain fatty acids in milk fat was markedly reduced. 
Further, Fredholm (2) and Schmidt (10) have reported that certain micro- 
organisms are capable of synthesizing neutral fat when maintained on a fat- 
free medium; and Hale, Huffman and Duncan (3) have presented figures 
which were interpreted as indicating the synthesis of fat in the rumen. 


SUMMARY 


Experiments are presented in which 20 Holstein cows were used to study 
the effect of low-roughage intakes upon the production of milk and milk fat. 
When cows were fed five pounds or less of hay and sufficient grain mixture 
to satisfy their energy requirements, the fat content of the milk and the milk 
yield showed significant drops as compared with similar cows fed an average 
of about 12 pounds of hay, 30 pounds of corn silage and small amounts of a 
grain mixture. 

The possible importance of rumen fermentation in the normal production 
of milk and milk fat in dairy cows is discussed. 
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DETERMINATION OF [IMPROPER PASTEURIZATION BY 
APPLYING THE NEW YORK CITY FIELD PHOS- 
PHATASE TEST TO CHEDDAR CHEESE* 


W. J. CAULFIELD anp W. H. MARTIN 
Kansas Agricultural Experiment Station 


INTRODUCTION 


The need for a quick accurate test for detecting cheese made from im- 
properly pasteurized milk is well recognized. The proper pasteurization 
of milk used in the manufacture of cheddar cheese is important from a public 
health viewpoint, especially under present conditions when much natural 
cheese is marketed after only a limited ripening period. 

The value, as well as the limitations, of the New York City field phos- 
phatase test as a means of detecting improper pasteurization of market milk, 
market cream, ice cream and butter has been well estdblished (2, 3, 4, 5, 7). 
There is little information, however, regarding the value of the test in detect- 
ing cheese made from improperly pasteurized milk. Kay and Neave (6) 
have reported that considerable phosphatase is present in cheese made from 
raw milk at least two months after storage. Scharer (8) stated that phos- 
phatase activity can be found in undiminished strength in cheese made from 
raw milk even after an 18 months’ storage period, but that it is absent in 
cheese made from properly pasteurized milk. He also stated that positive 
phosphatase tests were obtained on cheese made from milk which had been 
pasteurized at substandard temperature or when holding time during pas- 
teurization was less than normal. These statements indicate that the test 
may have merit when applied to cheese, but no experimental data were 
presented. 

The principal objectives of the study were: to determine the sensitivity 
of the New York City field phosphatase test in detecting cheddar cheese 
made from milk showing varying amounts of phosphatase activity ; to com- 
pare the results obtained with two procedures in the preparation of the 
cheese sample for testing ; and to observe the possible effects of the ripening 
process over a six month period on the activity of the enzyme. 


PROCEDURE 


The New York City field phosphatase test was used throughout this inves- 
tigation. Except for the use of a 30-minute incubation period and allowing 
15 minutes for the development of blue coloring following the addition of 
the B.Q.C. solution (Gibbs phenol reagent), the procedure as outlined in 
Standard Methods for the Examination of Dairy Products (1) was followed. 


Received for publication September 2, 1944. 
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A control test, in which buffered water (pH approximately 9.6) was substi- 
tuted for the buffered substrate, was made with each sample tested so that 
any blue color which developed independent of the enzyme could be mea- 
sured. 

In the laboratory trials, pasteurized whole milk to which specific amounts 
of raw milk had been added was used. Each lot of milk (approximately 1000 
ml.) was made into cheddar cheese by following the usual commercial proce- 
dure as closely as possible. The starter used in making the cheese was 
checked for phosphatase activity in each trial case. The phosphatase test 
was applied to the milk, the whey, and the freshly made cheddared curd. 

In each of the semi-commercial trials, approximately 100 gallons of whole 
milk was manufactured into cheddar cheese by the use of small scale com- 
mercial equipment. The milk used in these trials was pasteurized in a glass 
enamel-lined vat (143° F. for 30 minutes). The phosphatase test was 
applied to the pasteurized milk, the starter, the whey, and the finished cheese 
in each trial. 

Two procedures in the preparation of the cheese samples for testing were 
applied simultaneously to a group of 89 lots of cheese after three and six 
months’ storage at a temperature of approximately 60° F. All of the cheese 
included in this phase of the investigation was made from flash-pasteurized 
milk and came from one commercial plant. Positive phosphatase tests were 
obtained on all lots (approximately 14 days old). In procedure A, a 0.5- 
gram sample of the cheese was weighed, added to 5 ml. of buffered substrate 
or buffered water, macerated by means of a glass stirring rod and the test 
completed in the usual manner. The pH of the buffered substrate was ap- 
proximately 9.6 (blue to thymolphthalein solution—0.04 per cent in 50 per 
cent ethyl aleohol). In procedure B, a 5-gram sample of cheese was weighed, 
added to 10 ml. of buffered water, macerated by means of a glass stirring rod 
and a 0.5-ml. portion of the mixture used in the test. The latter procedure 
is similar to that suggested by Scharer (8), who recommended the use of 
equal parts of cheese, buffer, and distilled water, and the use of a 0.5-ml. 
portion of the mixture for the test. He claimed that this technique is espe- 
cially desirable for testing cheese high in acidity and protein contents. 

In observing the possible effects of the ripening process on the results of 
the phosphatase test, 120 lots of cheese in the form of longhorns or cheddars 
were secured from seven different Kansas cheese factories. Each cheese was 
tested when received after being aged about 14 days, and again after three 
and six months’ storage in a room maintained at approximately 60° F. with 
a relative humidity of 75-85 per cent. 


RESULTS 


Sensitivity of the phosphatase test when used with cheddar cheese. Re- 
sults of both the laboratory and semi-commercial trials indicate that freshly 
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TABLE 1 


Sensitivity of the New York City field phosphatase test in detecting cheddar cheese mad? 
from milk showing varying amounts of phosphatase activity 


Number Per cent | Phosphate test results 
of raw milk Milk | 
| Freshly* made 
trials added Whey Starter | cheese curd 
Laboratory trials 
3 0.00 - 
2 0.25 + 8+ 
3 0.50 + + = + 
3 1.00 +++ +++ ~ ++ 
1 5.00 +4+4++ ++++4+ +++ 
Semi-commercial trials 
3 + + - + 


* Procedure designated as A used in the preparation of the cheese samples for testing. 


made cheddar cheese curd has a phosphatase reaction similar to that of the 
milk from which it was produced (table 1). 

In the laboratory trials the addition of 0.25 per cent or more of raw 
milk to properly pasteurized milk was detected by the New York City field 
phosphatase test on either the whey or freshly made cheese curd after ched- 
daring. There was a tendency for phosphatase activity, as measured by the 
phosphatase test, to be less intense in the cheese curd than in the milk from 


TABLE 2 


The effect of the method of preparation of the cheese sample on the results obtained by 
the New York City field phosphatase test when applied to aged cheddar cheese 


Age of cheese when tested 
Fresh | 3 months | 6 months 
Initial Procedure used in preparation of the samples 
phosphatase 
reaction A* | Bt | Bt 
cneeetien Number of samples in each phosphatase reaction 
group giving the reaction indicated 
Pos. | Neg. | Pos. | Neg. | Pos. | Neg. | Pos. | Neg. | Pos. | Neg. 
S+ 3 0 0 3 3 0 0 3 1 2 
+ 14 0 2 12 14 0 0 14 14 0 
++ 54 0 20 34 54 0 4 50 54 0 
+++ 15 0 4 11 15 0 0 15 14 1 
++4+4+ 3 0 3 0 3 0 0 3 3 0 
Totals 89 0 29 .| 60 89 0 4 85 | 86 3 


used in the test. 


al 
| 
* 0.5-gram sample of cheese added directly to 5 ml. of buffer substrate and the test 
completed in the usual manner. 
+ 5 grams of cheese added to 10 ml. of buffered water and 0.5 ml. of the mixtures 
Xt 
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which it was produced. In no instance, however, was a negative test ob- 
tained with freshly made cheese produced from milk which was positive to 
the test ; nor was a positive phgsphatase test obtained with cheese curd made 
from milk showing a negative phosphatase reaction. 

Comparison of two different procedures in the preparation of cheese 
samples on the results of the New York City field phosphatase test. Eighty- 
nine lots of cheddar cheese, all giving positive phosphatase reactions with 
procedure A when received (approximately 14 days old), were found to 
show a marked decline in the number of positive samples after storage 
(table 2). After three months of storage only 29 of the 89 lots were positive, 
and after six months only four of the lots were positive. 

The shift from positive to negative reactions was not necessarily closely 
associated with the apparent degree of underpasteurization, as shown by the 
initial phosphatase reaction of the various samples of cheese (table 2). The 
three samples showing a slight positive reaction when tested initially were 
found to be negative after three and six months’ storage. Similarly the 
three samples showing a strong positive initial phosphatase reaction were 
positive after a three months’ storage period but were negative after a six 
months’ storage period. Among the 83 remaining samples, however, there 
was no apparent relationship between the degree of underpasteurization 
of the milk and the tendency for the cheese to become negative after a three 
months’ storage period. Of the four samples which were positive after a 
six months’ storage, all had an initial phosphatase reaction indicating only a 
moderate degree of underpasteurization. 

The marked shift in the number of samples from positive to negative as 
the storage period advanced, when procedure A was used, suggested that 
either the enzyme had become inactivated or that the pH of the buffer sub- 
strate had been shifted sufficiently by the addition of the cheese samples 
to inactivate the enzyme. Barber and Frazier (2) have shown that no phos- 
phatase activity is apparent when the pH is below 7.69. The pH of the 
buffer substrate mixture used in procedure A, when checked colorimetrically, 
was found to be between six and seven, which could explain the change in 
reaction of the cheese from positive to negative as the storage period pro- 
gressed. No blue color developed in any of the control tests, indicating that 
the presence of interfering materials which might produce false positive 
results are uncommon in cheddar cheese. 

To eliminate the possible effects of such a change in pH on the results, 
the samples were tested using procedure B. When this procedure was used, 
all of the samples remained positive after a three months’ storage period ; 
and all but three of the samples were positive after six months’ storage. The 
negative results observed with these three samples could not be explained on 
the basis of a change in pH as the pH of the buffer substrate was maintained 
at a satisfactory level for optimum activity of the enzyme in each instance. 
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Of the three samples which shifted from positive to negative after a six 
months’ storage period, two of the samples showed only a slight degree of 
underpasteurization when tested initially, whereas the remaining sample 
showed a rather marked degree of underpasteurization on the initial test. 

The results proved that procedure A was satisfactory for detecting in 
unripened cheese the addition of raw milk after pasteurization or for detect- 
ing insufficient pasteurization. Procedure A, however, was not satisfactory 
when used on cheese that had been ripened three to six months. 

Effect of ripening. Results obtained in this phase of the investigations 
support the previously reported results in showing that there is a tendency 
for cheddar cheese samples with an initial positive phosphatase reaction to 
become negative as the storage period advances (table 3). Of the 120 lots 


TABLE 3 


Effect of ripening on the results of the phosphatase when used with cheddar cheese. 
(Procedure B used)* 


Phosphatase test results 
Number 
Plant of samples Fresh | 3 months 6 months 

examined 

Neg. Pos. Neg. Pos. Neg. Pos. 

A 93 0 93 Oi 0 93 3 90 

B 6 2 4 3 3 4 2 

Cc 6 6 o | 6 o | 6 0 

D } 6 ! 3 3 | 6 0 6 0 

E | 5 2 3 4 1 4 1 

F 2 1 1 | 2 0 2 0 

G 2 1 1 | 1 1 1 1 

as 120 15 105 | 22 98 26 94 
Per cont ........... 100.0 | 125 87.5 | 18.3 81.7 21.6 78.4 


* 5-gram sample of cheese was macerated with 10 ml. of buffered water and 0.5 ml. 
of the mixture used in the test. 


of cheese used, only 15 or 12.5 per cent of the samples were negative on the 
initial test. After three months’ storage 22 or 18.3 per cent of the samples 
were negative, and after six months’ storage 26 or over 22 per cent of the 
samples gave negative phosphatase reactions. 

Since procedure B was used throughout in this phase of the investigation, 
the shift in the samples from positive to negative cannot be attributed to a 
shift in pH unfavorable for activity of the enzyme. The data indicate that 
the aetivity of the enzyme in cheddar cheese tends to diminish somewhat as 
the ripening period advances and may be entirely absent after a storage 
period of three or six months. 

It is significant to note tha’. ‘n no case did a cheese sample with an initial 
negative phosphatase reaction become positive during a ripening period of 
six months’ duration. 
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SUMMARY AND CONCLUSIONS 


Data based upon a series of three independent laboratory trials, five semi- 
commercial trials and on 120 different lots of cheddar chesse have been ob- 
tained to evaluate the possible usefulness of the New York City field phos- 
phatase test in detecting cheddar cheese made from improperly pasteurized 
milk. The principal results may be summarized as follows: 

1. Freshly made cheddar cheese curd and the whey from the cheese were 
found to give a phosphatase reaction similar to the milk from which they 
were produced. The addition of as little as 0.25 per cent of raw milk to 
properly pasteurized milk resulted in positive phosphatase tests in the 
freshly made cheddar cheese curd produced from such milk. 

2. No phosphatase activity was observed in many samples of aged ched- 
dar cheese when the cheese was added directly to the buffered substrate in 
performing the phosphatase test: This was due to a lowering of the pH of 
the mixture. The pH of the mixture could be maintained at the optimum 
level for phosphatase activity by first mixing the cheese with buffered water 
and then adding a portion of the mixture to the buffered substrate. 

3. In no case did a sample of cheddar cheese with an initial negative 
phosphatase reaction become positive during a ripening period of six 
months’ duration. 

4. After a six months’ ripening period there was some tendency for 
phosphatase activity to diminish or become extinct in several of the cheese 
samples used in this study. 

5. Control tests were found to be devoid of blue color without exception, 
thereby indicating that interfering materials which might give rise to false 
positive tests are not a problem in using the test with cheddar cheese. 


REFERENCES 


(1) AMERICAN PUBLIC HEALTH ASSOCIATION, 1790 Broadway, New York. Standard 
Methods for the Examination of Dairy Products. Eighth Ed., p. 270-275. 
1941. 

(2) Barper, F. W., AND FRAZIER, W. C. The Development of a Positive Phosphatase 
Test in Refrigerated Pasteurized Cream. Jour. DAtry Scl., 26: 343-351. 1943. 

(3) BuR@WALD, L. H. The Phosphatase Test. A Review of the Literature on Its Appli- 
eation for Detecting Irregularities in the Pasteurization of Milk and Dairy 
Products. Jour. Dairy Scl., 22: 853-873. 1939. 

(4) BurewaLp, L. H. The Phosphatase Test—Extent of Use in North America. Jour. 
Dairy 25: 285-291. 1942. 

(5) HAMMER, R, W., AND OLson, H. C. Phosphatase Production in Dairy Products by 
Microorganisms. Jour. Milk Technol., 4: 83-85. 1941. 

(6) Kay, H. D., anp NEAvE, F. K. Technique of the Phosphatase Test. A Report from 
Dairy Industries. Jan., 1937. 

(7) Perry, N. A., AND DOAN, F, J. Studies in the Phosphatase Test and Its Applica- 
tion to Processed and Treated Milk. Jour. DAiry Scl., 24: 369-382. 1941. 

(8) ScHaReR, H. Application of the Rapid Phosphatase Test to Dairy By-Products. 
Jour. Milk Technol., 2: 16-20. 1939. 


THE EFFECT OF TWO DIFFERENT METHODS OF FEEDING 
COD-LIVER OIL ON FAT TEST IN MILK* 


L. A. MOORE, G. T. HOFFMAN anp M. H. BERRY 
Dept. of Dairy Husbandry, University of Maryland 


The effect of feeding cod-liver oil to cows in relation to the depression of 
the butterfat test has been amply reviewed by Hilditch (8). Unsaturated 
fatty acids of the Cy» and C22 series are thought to be responsible in some 
way for this depression of fat test. The effect can be eliminated by hydro- 
genation. 

The results of various experiments in feeding other oils have been vari- 
able. Anderson (4) has summarized the early work on this subject and 
noted, in general, that feeds of high oil content when fed to cows caused a 
temporary increase in fat percentage in milk. Monroe and Krauss (11) 
have summarized the more recent literature, and only those references which 
have a direct bearing on the subject at hand will be mentioned. Allen (1) 
reported that feeding milk fat in trials six days in length brought about. an 
increase in butterfat test. In another publication Allen (2) reported that 
feeding various other oils for six-day periods caused an increase in butterfat 
percentage. In later work Allen (3) found that some increase in fat test 
occurred when butterfat, lard, tallow, coconut, cottonseed and peanut oils 
were fed over fifty-day periods, whereas corn oil and soybean oil produced 
a decrease in test. Garner and Sanders (6), in trials 5 and 10 days in 
length, found that palm oil, butter, lard and cottonseed oil increased the 
butterfat test; that soybean, linseed and whale oils were without effect, 
whereas cod-liver oil definitely decreased butterfat test. These same authors 
noted that the oils which increased butterfat percentage contained a large 
proportion of saturated fatty acids and that the effect varied from cow to 
cow and with the same cow at different times. Gibson and Huffman (7) 
found that feeding soybean oil in a ration low in ether extract resulted in 
a pronounced temporary increase in fat percentage, although subsequent 
experiments by Huffman (9) failed to substantiate the original observation. 

Wilbur and Hilton (12) noted that feeding soybeans produced an in- 
crease in the percentage of fat in milk. Williams, Cannon and Espe (14) 
in a double reversal trial with periods four weeks in length found that the 
feeding of cracked soybeans decreased milk production and increased butter- 
fat production and fat percentage, while the feeding of soybean oil increased 
milk production but decreased butterfat production and fat percentage. In 
a later report, Williams (13) concluded that the method of feeding soybean 
fat, whether in the bean or as oil, caused entirely different reactions in milk 

Received for publication September 11, 1944. 
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and butterfat production. Huffman (10) observed that the method of feed- 
ing soybean oil might have considerable effect on the butterfat test. By 
flooding the digestive tract with a large amount of easily absorbed unsatu- 
rated fat, larger amounts of fat than the body tissues can handle seem to be 
absorbed. 

From a review of the literature it appears that cod-liver oil when fed to 
milking cows produces a depression in fat test. The depression is thought 
to be due to the ynsaturated fatty acids of the Co» and C22 series, and the 
effect can be destroyed by hydrogenation. The feeding of various other oils 
for short periods of time appears to produce an increase in butterfat per- 
centage. When fed for longer periods of time, most oils produce some in- 
erease in fat percentage with the exception of the highly unsaturated oils 
of eorn and soybeans, which are similar to cod-liver oil in this respect. When 
soybean oil is fed in the whole bean, no depression of test oceurs and some 
inerease has been noted. 

These differences suggested the possibility, as pointed out by Williams 
(13) and by Huffman (10), that the feeding of a highly unsaturated oil in 
such large amounts as to result in the absorption of large amounts of fat 
within a short period of time, was different in effect than when the oil was 
fed in its original state in the seed and only small portions were absorbed 
over a longer period of time. This difference might be due to the ability of 
the cow to saturate the unsaturated fats to some extent during digestion and 
absorption, if absorption was sufficiently slow. This slower absorption might 
in turn have some effect on the butterfat test. 


EXPERIMENTAL 


In order to test the above-stated theory, cod-liver oil was fed to two 
groups of cows by two different methods. One group was fed 5 to 8 oz. of 
cod-liver oil in one dose each day for 3 to 6 days. The other group was fed 
the same amount of oil divided into twelve equal feedings each day. Four 
different experiments were run but the data on only two will be reported, 
sinee they are similar. In the last experiment iodine numbers were deter- 
mined by the Hanus method on the fat produced by each cow each day. 

The cows were paired as nearly as possible according to age, breed, stage 
of lactation, ete. Cows of the Guernsey and Jersey breeds were used for the 
data herein reported. The cows were milked twice each day, and a sample 
of milk from each milking was saved for testing. From the pounds of milk 
produced at each milking and the butterfat test, the average test for each 
day was calculated. In the last experiment the two milk samples taken each 
day from each cow were combined and churned with a Waring Blendor in 
order to obtain a fat sample for the iodine number determination. 

The cows were fed corn silage and No. 2 clover and light timothy mixed 
hay. Grain was fed according to milk production. The cod-liver oil was 
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fed to one cow of each pair in one dose by drencuing. The oil was fed to the 
other cow of the pair by placing it on the grain, mixing well and dividing 
the day’s grain into 12 equal feedings. This was fed each two hours during 
the time the cows received the cod-liver oil. 


RESULTS AND DISCUSSION 


The results of one experiment are shown in table 1, in which it will be 
noted that, when the cod-liver oil was fed in one feeding, the expected depres- 
sion in test occurred. When the same amount of oil was fed in 12 feedings, 


TABLE 1 
Effect of two different methods of feeding cod-liver oil on butterfat test 
Days FRANCIS RUBY GIRL DEGA DOROTHY SQUAW KAREN 
on 
experi- One Twelve One Twelve One Twelve 
ment feeding feedings feeding feedings feeding feedings 
Preliminary period 

1 4.7 54 5.8 | 5.0 5.0 5.0 

2 4.8 5.3 5.0 5.3 | 5.0 5.1 

3 4.6 - 5.1 | 5.0 | 5.3 4.7 | 4.9 

Started feeding cod-liver oil 

5 3.6 5.2 5.4 5.3 4.6 5.0 

6 4.0 5.7 4.2 54 4.7 5.1 

7 3.8 51 | 38 | SO | 41 4.3 

Cod-liver oil discontinued 

8 4.2 530 4k 5.3 

9 4.4 5.2 3.9 5.1 4.5 5.0 
10 4.0 5.3 4.9 5.2 | 4.0 5.4 
11 4.5 5.6 4.7 5.3 4.0 5.6 
12 3.9 5.2 5.2 5.4 5.3 5.3 
13 4.4 5.2 5.3 5.3 5.1 5.2 
14 4.4 5.1 5.6 5.0 5.0 5.5 
15 4.9 5.2 5.0 5.5 4.6 5.1 


no such depression in test occurred. These results substantiated the results 
obtained on two previous experiments. However, it will be noted that the 
test of one cow (Karen) for one day showed a considerable drop (from 5.1 
to 4.3) during the cod-liver oil feeding period. This drop in test was noted 
in one instance in two previous experiments not reported in this paper. This 
cow, according to the theory set forth, apparently was unable to fully cope 
with the unsaturated fats even though fed in small amounts every two hours. 

According to this theory, the animal should saturate more of the fat when 
it is fed in 12 feedings than when it is fed in one feeding. This saturation 
should be reflected by the iodine number of the butterfat. In other words, 
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the iodine number for the butterfat produced should be lower for the cow 
which received the cod-liver oil in 12 feedings than for the one which re- 
ceived the same amount of fat in one feeding. Furthermore, if the butter- 
fat test of a cow was depressed when the oil was fed in 12 feedings, indi- 
cating that the individual was still unable to saturate the fat, the iodine 
number of the fat thus produced should also be higher than for the cow in 
which there was no depression of test. Therefore, in the last experiment as 
previously outlined, iodine numbers were run on butterfat produced each 
day by each cow on experiment. 

The results of this experiment are shown in table 2. In this experiment 
apparently the cod-liver oil had been ‘‘eut’’ considerably with some other oil 
since the quick depression in test previously noted was not apparent nor 
did the test remain down consistently when the oil was fed in one feeding. 
As a matter of fact, the tésts were very erratic for this group of cows. 

Where the oil was fed in 12 feedings, the fat test remained fairly con- 
stant, which confirms the results of the first experiment. This was especially 
true for the cow, Liberty. Joyce and Loretta possibly show some slight 
depression in test after the cod-liver oil feeding period, but not nearly as 
much as their paired mates, and the tests were not as erratic. Laurine did 
show considerable depression in test even though the oil was fed in 12 feed- 
ings. This cow reacted about the same as her paired mate, Libby, which 
received the oil in one feeding. This result corresponds to the results 
obtained with Karen in the previous experiment. 

An examination of the iodine numbers confirms the principles set forth 
in the proposed theory. Where the oil was fed in one feeding, the iodine 
numbers reached values of 50.0 or above. Where the oils were fed in 12 
feedings, the iodine numbers were increased but were not as high as their 
paired mates except that of Laurine who also showed the marked depression 
in fat test. Laurine, however, showed considerable lag in the rate of in- 
crease in the iodine number compared to her mate, Libby. It will also be 
noted that, while the iodine numbers decreased gradually after the cod-liver 
oil was discontinued, they had not reached their original values even at the 
end of two weeks. 

According to the results obtained in these experiments, cows possibly 
saturate some of the unsaturated fatty acids during digestion and absorp- 
tion. Bloor (5) suggests this possibility in discussing the digestion and 
absorption of fats. These results further emphasize the difference in reac- 
tion between cows when oils are fed as such as pointed out by Garner and 
Sanders (6). 

These results probably also explain the variable results obtained by 
various investigations when different oils have been fed. It must be further 
concluded that our knowledge of fat metabolism in the cow is somewhat 
limited. 
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SUMMARY 


1. When milking cows are fed 5 to 8 oz. of cod-liver oil in one feeding 
each day, a marked depression of test and a large increase in iodine numbers 
occurred, 

2. When the same amount of oil was fed in 12 feedings each day, gen- 
erally no such marked depression of test or increase in iodine number 
occurred. 4 

3. When the oil was fed in 12 feedings each day and a depression of test 
occurred, there was likewise a concomitant increase in iodine number. 

4. These results indicate the possibility that some saturation takes place 
during digestion and absorption of highly unsaturated fats. 


The authors wish to express their appreciation to Mr. Fred Thornthwaite 
for his aid in the determination of the iodine numbers. 
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VITAMIN K CONTENT OF DAIRY AND CACAO PRODUCTS* 


W. S. MUELLER 4np ANNE W. WERTZ 
Departments of Dairy Industry and Home Economics Nutrition, 
Massachusetts State College, Amherst, Massachusetts 


In a previous study on the availability of the iron of cocoa it was observed 
that the blood drawn from cocoa-fed rats clotted in a shorter time than the 
blood drawn from the rats which were not fed cocoa. The fact that vitamin 
K is an important factor in the coagulation of blood suggested the possibility 
that this vitamin might be the cause of shortening the blood-clotting time in 
the rats which were fed cocoa. Therefore, this study to determine the vita- 
min K content of cocoa and dairy products was made. 


EXPERIMENTAL 


Day-old chicks were fed Ansbacher’s K; diet (1) until depleted of vita- 
min K. The test substances were then fed and the blood-clotting time 
observed in capillary glass tubes. The results obtained were as follows: 


Blood-clotting time in minutes 


Amount of various substances fed (Ave. of 8 chicks) 


Negative control (K-free diet) > 15 
1 microgram methyl naphthoquinone ........................ eae 8 
2 micrograms methyl naphthoquimone 4 
3 grams pasteurized whole milk 12 
10 
3 grams cultured buttermilk ... 7 
0.3 grams unprocessed cocoa powder ............ peeesieeeaaiaeiinent 12 
0.3 grams Dutch processed cocoa powder 12 
0.3 grams cocoa shell 7 


Of the various dairy and cacao products fed, only cultured buttermilk 
and cacao shell had any effect on blood-clotting time. Neither the un- 
processed nor the Dutch processed cocoa powder shortened the time for 
coagulation. 

CONCLUSIONS 


The results indicate that the decrease in blood-clotting time, which had 
been observed for rats receiving cocoa, was not caused by any vitamin K in 
the cocoa. 

The results also indicate that there is some vitamin K potency in cultured 
buttermilk and cacao shell, although neither one would be considered a good 
source according to values assigned to other foods by Dam and Glavind (2). 

Received for publication September 11, 1944. 
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ANNOUNCEMENT 
PAPERS FoR ANNUAL MEETING 


The value of the annual meeting of our Association was greatly increased 
when the program was based upon short original research papers. Members 
have responded well through the years in volunteering to present, in concise 
ten-minute reports, work underway or recently completed. Our meetings 
give us an opportunity to learn of the progress of studies at various research, 
teaching and extension centers. This year when some of our members are 
in other services, it is especially important for those of us at home who expect 
to attend the meeting at Iowa State College to submit titles of papers now 
that the best possible program may be arranged. 

Titles of papers with authors should be mailed promptly to the chairman 
of the program committee for the section before which you expect to present 
the report. Their names and addresses appear in the January JOURNAL. 
The final date of acceptance of papers is April 1. 

A. C. DAHLBERG, 
Chairman of General 
Program Committee 
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ABSTRACTS OF LITERATURE 
BUTTER 


46. A Butter Dumper. F. H. McDowat, Dairy Res. Inst., Palmerston 
: North, New Zeal. New Zeal. Jour. Sci. and Technol., 25A, No. 6: 
274-278. April, 1944. 


A device is described to assist in the removal of 56-lb. blocks of butter 
from export boxes. W.C.F. 


47. The Commercial Production of Dry Butterfat. F. H. McDowa.t, 
R. M. Dotsy, E. Beatson anp J. J. O’DeEA, Dairy Res. Inst., Pal. 
merston North, New Zeal. New Zeal. Jour. Sci. and Technol.. 
24, No. 2B: 53B-78B. Sept., 1942. 


Equipment for the manufacture of dry butterfat was selected partly on 
the basis of ready availability and has been described in some detail. The 
butter is melted by steam under one pound of pressure. Then part of the 
serum is separated out by gravity and siphoned off. The fat is centrifuged, 
pasteurized, and recentrifuged. The final drying is by means of a vacuum 
pan. The dry butterfat was found to be free from toffee flavor, and there 
was no loss of vitamin A in processing. The keeping quality of the fat was 
reported as excellent. W.C.F. 


DISEASE 


48. Mastitis in Dairy Cows. A Bacterial and Leucocytic Survey of the 
Laboratory Herd through Four Seasons. C.S. M. Hopxirk anp 
T. Patmer-Jonegs, Anim. Res. Sta., Dept. of Agr., Wallaceville, New 
Zeal. New Zeal. Jour. Sci. and Technol., 254A, No. 2: 49-62. Aug., 
1943. 


Milk from a herd of 17-19 cows was examined weekly through four lacta- 
tions for leucocytes and for streptococci, hemolytic staphylococci and micro- 
coeci (non-hemolytic cocci). The milk was considered mastitic if unusually 
high numbers of the leucocytes or any of the three types of cocci were found. 
No chemical tests on the milk were reported. During the first two seasons 
the herd was hand milked, and during the last two a milking machine was 
used. 

Results indicated that a high vacuum (19 inches) could be used during 
milking without the development of mastitis, provided that all other factors 
of barn management were properly controlled and the vacuum was kept 
constant. Even with less vacuum, a plugging of the air admission holes of 
the milking machine resulted in a sudden outbreak of mastitis. The authors 
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hint that stripping after machine milking may increase the incidence of 
mastitis, because, as in hand milking, there is a tendeney for bacteria to be 
drawn back through the teat canal. W.C.F. 


FEEDS AND FEEDING 


49. Silage Studies. III. Changes in Chemical Composition and Losses 
during Ensilage of Pasture. F. B. Sm anp P. D. Sears, Dept. 
Sci. and Indus. Res., Palmerston North, New Zeal. New Zeal. 
Jour. Sei. and Technol., 24, No. 3A: 130A-140A. Oet., 1942. 


Pasturage—mostly perennial rye grass, with some white clover and cocks- 
foot—was ensiled in concrete silos and pit silos and sampled after eight 
months. Variations were made in the rate of filling, the stage of maturity 
of the pasturage, the presence or absence of molasses, and roofing or not 
roofing the silo. In general, results of analyses were similar to those of other 
workers, although losses were higher than those reported under British con- 
ditions. Leaching of the silage caused considerable losses in the uncovered 
silos. 

The addition of 30 pounds of molasses per ton of green material had no 
apparent effect in changing the chemical composition, lowering the pH, or 
reducing losses. All finished silages in the experiments had comparatively 
high pH values. 

Experimental silage was made successfully in concrete pipes 24 inches 
in diameter and three feet long. W.C.F. 


50. Effect of Time of Cutting and Stage of Growth for Hay and Silage 
on Pasture-Production. I. E. Coop anp P. D. Sears, Dept. Sci. 
and Indus. Res., Palmerston North, New Zeal. New Zeal. Jour. 
Sci. and Technol., 24, No. 6A: 303A-316A. April, 1943. 


Limited data indicate that removal of grazing animals from the pasture 
should be done early, and the pasturage should be cut when still leafy in 
order to obtain good silage. Higher total yields of dry matter are obtained 
when the crop becomes more mature, but the total yield of digestible nutri- 
ents is likely to be lower. The greatest influencing factor on total produc- 
tion is the weather immediately following the cutting of the crop. W.C.F. 


51. Top-Dressing and Provision of Winter Feed in Relation to Dairy 
Production. W. M. Hamiuton, Dept. Sci. and.Indus. Res., Wel- 
lington, New Zeal. New Zeal. Jour. Sci. and Technol., 26A, No. 
1: 20-32. June, 1944. 


While a correlation had been shown between the area cut for hay and 
silage and dairy production in the following season, none could be found 
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between the area top-dressed with fertilizers or lime and dairy production. 
The importance of adequate winter feeding was emphasized by this analysis. 
W.C.F. 


52. The Apparent Digestibility of Samples of Pasture Silage. P. D. 
Sears AND F. B. Stu, Dept. Sci. and Indus. Res., Palmerston North, 
New Zeal. New Zeal. Jour. Sci. and Technol., 24, No. 2A: 91A- 
95A. Aug., 1942. 


To test digestibilities, sheep unaccustomed to silage were used, but it was 
found that the digestibilities of silages were the same for cattle as for sheep. 
It was reported that ensilage of young, succulent pasture resulted in silages 
with high digestibility coefficients, while ensilage of pasture at medium and 
mature stages of growth gave silages with lower digestibilities. In general, 
the digestibility of the silage was less than of the grass from which it was 
made. W.C.F. 


ICE CREAM 


53. Meeting Problems in Ice Cream Manufacture under War-Time Re- 
strictions. P. H. Tracy, Univ. of Ill. Ice Cream Rev., 27, No. 
11:22. June, 1944. 


One of the chief problems confronting the ice cream industry is that of 
devising means of manufacturing a product with a satisfactory body with 
a limited amount of milk solids. The following will aid in giving maximum 
body to ice cream: use of superheated condensed milk, an increased amount 
of stabilizer, the use of sweetening agents containing solids of low sweetening 
power, high pasteurizing temperatures and high homogenizing pressures, - 
longer aging periods, and freezing to low temperatures in the freezer fol- 
lowed by rapid hardening. 

The possibilities of using certain types of cereal flours to reinforce the 
limited milk solids used in ice cream, water ices and sherbets are discussed. 
The use of condensed buttermilk and whey solids in_ ice cream is also sug- 
gested. J.H.E. 


54. Factors Involved in the Production of High Quality Sherbets and 
Ices. W. J. CAULFIELD AND W. H. Martin; Kans. Agr. Expt. Sta. 
Ice Cream Rev., 27, No. 12: 24. July, 1944. Continued in 28, No. 
1:24. Aug., 1944. 


The important points to consider in building a satisfactory ice and sher- 
bet are fully reviewed. Some recent investigations on new phases of the 
subject are included. 

Each manufacturing plant making these products should establish a 
definite composition standard. Based upon the examination of a large num- 
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ber of sherbet samples, 30-33 per cent of sugar solids was established as 
optimum. The proper amount of stabilizer is important. In the case of 
gelatin, the proper amount may be determined by a modification of the Dahl- 
berg jelly test. Although citric acid has been the accepted acid for use in 
the preparation of sherbets, a number of other food acids can be used. Com- 
parative trials indicate that, when used in comparable amounts in sherbets, 
the acids rank in order of preference as follows: 1) citric, 2) phosphoric, 3) 
tartaric, and 4) lactic. A helpful table is included in the article giving the 
properties and amount of a 50 per cent solution to use of each of the acids. 
J.H.E. 


55. Calculation of Ice Cream Mixes to Be Made by Concentration. ALAN 
LeicHTon, Bur. Dairy Indus., Washington, D.C. Ice Cream Rev., 
27, No. 12: 22. July, 1944. 


The article outlines a method of calculating ice cream mixes to be made 
from unconcentrated dairy products for vacuum pan concentration or 
powdering. J.H.E. 


56. Alamalt Ice Cream. A. D. Burke, Ala. Polytech. Inst. Ice Cream 
Rev., 27, No. 12: 26. July, 1944. 

Alamalt is the name given a flour prepared from the sweet potato. The 
flavor of the potato is altered by heat, and a high percentage of the starch is 
converted to sugar. <A very desirable ice cream was made containing 2.0 
per cent of this product. It carried a characteristic flavor and color similar 
to caramel. J.H.E. 


57. Maintaining Equipment at Peak Efficiency. B. E. Savey, Borden 
Co., Columbus, Ohio. Ice Cream Rev., 27, No. 8:32. March, 1944. 


See Abstract 216, Jour. Damry Scr., 27, No.6: A101. 1944. J.H.E. 


58. Low Temperature Storage Cabinets in the Home. R. M. LAmBera, 
Grand Rapids Cabinet Co., Grand Rapids, Mich. Ice Cream Rev., 
27, No. 10: 24. May, 1944. 
There will be a tremendous post-war boom in low-temperature cabinet 
sales to individual consumers. This can mean a large expansion in the sale 
of all frozen foods, including ice cream. J.H.E. 


59. Regulation of Sherbets, Ice and Ice Milk in War Time. Anony- 
mous. Ice Cream Rev., 27, No. 10: 26. May, 1944. 


This is a report on a survey made to determine what changes have been 
made in state laws regulating sherbets and ices during war time. It was 
found that only three states—Maryland, California and Minnesota—have 
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made changes in the regulations. Several other state enforcement agencies 

admitted that existing regulations were not being strictly enforced. The 

majority of the states have not changed the laws regulating sherbets and ices. 
J.HLE. 


60. Observations on the Bacterial Content of Ice Cream in New Zealand. 
I. D. Bua, Dept. of Agr., Wellington, New Zeal. New Zeal. Jour. 
Sei. and Technol., 25B, No. 6: 260-266. May, 1944. 

Plate counts on ice cream supplied on contract to the Armed Services 
and tests on ingredients of the mix showed that the unsalted butter used had 
a high content of coliform bacteria, but that pasteurization of the mix elimi- 
nated these bacteria. The stored ice cream samples showed comparatively 
low counts, both total and coliform, and most of them were considered satis- 
factory. There was indirect evidence of a rapid deterioration in bacterial 
quality after ice cream left the factory for retail distribution. W.CLF. 


MISCELLANEOUS 


61. Some Studies on the Properties of Milking-Machine Relief Valves. 
W. G. Wuirtteston, Anim. Res. Sta. Wallaceville, New Zeal. 
New Zeal. Jour. Sci. and Technol., 24, No. 6B: 272B-281B. May, 
1943. 
A method for testing vacuum relief valves is described. Tests on valves 
indicated that the weighted type of valve, if well made, gave the best per- 
formance, while the spring-loaded poppet valves were next best. W.C.F. 


62. A Sensitive Stable Vacuum Relief Valve for Milking-Machines. W. 
G. WuiTt.eston, Anim. Res. Sta., Dept. of Agr., Wallaceville, New 
Zeal. New Zeal. Jour. Sci. and Technol., 26A, No. 2: 91-94. Aug., 


1944. 
The vacuum relief valve described is of the weighted type, stabilized by 
a small oil damping mechanism. W.C.F. 


63. Softening Water for Use in Dairy Plants. C. E. Lennox, Swift and 
Co., Chicago, Ill. Ice Cream Rev., 27, No. 12: 28. July, 1944. 


The different processes of water softening are explained. J.H.E. 


64. A Survey of the Dairy Industry of New Zealand. W. M. Haminron, 
Dept. Sci. and Indus. Res., New Zeal. New Zeal. Jour. Sci. and 
Technol., 23, No. 5A: 257A-283A; 24, No. 1A: 1A-35A; No. 4A: 
157A-185A; No. 5A: 223A-263A; No. 6A: 273A-302A. Feb., 
1942—Apr., 1943. 

The dairy industry of New Zealand is discussed under the following 
headings: I. Post-war market prospects. II. Technological advances in 
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production. III. Developments in processing and transport. IV. The 
land. V. Dairy-farm labor. VI. Capital and costs of production. VII. 
Rural life. VIII. The organization of production. IX. The organization 
of marketing. X. Sources of information. XI. Summary. W.C.F. 
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WE KNow what you’re up against, . 


trying to issue uniforms to a bunch 
of rookies! You don’t mind the size 
38 who wears size 9 shoes. But that 
big 6 ff. 7 in. bruiser who weighs 
340—man, oh, man! Or the squirt 
who wears a 514 shoe—they drive 
a guy to distraction! 


And in the salt business we’ve got 
to “fit’’ the salt to the job. Butter 
makers don’t want large, slow dis- 
solving crystals in Butter Salt. We 
remove the “big ones” so com- 
pletely, you won’t find even a trace 
on a 28-mesh Tylor screen. But they 
don’t want fine dust, either, to 


DIAMOND CRYSTAL 


cause pasting in thechurn. Diamond 
Crystal Butter Salt contains only 
3% of particles small enough to 
pass through a 65-mesh screen! 


Yes, it’s just as exacting for a salt 
producer to remove over-sized and 
under-sized salt crystals . . . as for 
the “top kick’’ to take care of his 
over-sized and under-sized rookies. 
If we know the average “top kick,”’ 
however, he gets results and so do 
we at Diamond Crystal. You can 
be sure of clean screening when 
you specify Diamond Crystal. Take 
your choice of grade or grain—it’s 
tops by actual tests! 


NEED HELP? HERE IT Is! 


If you have a salt problem, 
let our Technical Director 
help! Just address him at 
Diamond Crystal, Dept. 
H-2, St. Clair, Michigan. 


SALT 


Your advertisement is being read in every State and in 25 Foreign Countries 


HEY, SARGE! 
LISTEN TO THIS--- 
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Copies of the 20-Year Index 
covering Volumes I to XX, 
inclusive are available at the 
following prices: 


MEMBERS to the very last drop 


Cloth Bound ........... $2.35 When a Seal-Kap goes over the pouring 
lip of a clear glass bottle, it is there to pro- 
Paper Bound ........... 2.00 tect the contents right through to the end. 


During handling and delivery, the 
pouring lip is completely shielded 
from danger of contaminating con- 


tacts. 

NON-MEMBERS In the home, Seal-Kaps come off the 
bottle with an easy twist of the 
wrist, avoiding fork-prying and 

Cloth Bound ........... $5.50 
Paper Bound ........... 5.00 And tough, durable Seal-Kaps go 


back on, as often as necessary, with 
a tight-fitting snap. As long as there 
is milk in the bottle, it is safe from 
spilling and danger of adjacent food 
taints. 
With Seal-Kap protection, pure milk 
+ stays pure, right down to the last drop. 
Now, more than ever, they guard the 
nation’s vital milk supplies. 


AMERICAN SEAL-KAP CORPORATION 


11-05 44th Drive, Long Island City, N. Y. 
SEAL-KAP COVERS THE DANGER ZONE 


Your advertisement is being read in every State and in 25 Foreign Countries 
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THE need for and the importance of setting up an ‘‘ideal’’ as a goal 
for breeders to achieve has long been recognized and the show ring has 
been used for this purpose for many vears. The Holstein-Friesian 
Association of America was first to see the need of developing models 
and pictures of the ideal or True Type and these were completed and 
approved in 1922 and a pair of models was loaned to each of the Land 
Grant Colleges. 

As a means of further improvement in the general type of the breed, 
the Association in 1929 established a program of herd inspection and 
classification. Inspection of the animals is made by specially trained 
and experienced persons who are nationally recognized judges of 
Holstein type. Six ratings are used, ranging from ‘‘excellent’’ which 
is the highest and represents a score of 90 points or more, through 


good,’’ ‘‘good plus,’’ ‘‘good,’’ ‘‘fair,’’ and ‘‘poor.’’ 

Herd classification enables a breeder to analyze his herd from the 
standpoint of type. When it is combined with production testing it 
serves as a means of proving sires and locating outstanding brood cow 


families. 


THE HOLSTEIN-FRIESIAN ASSOCIATION OF AMERICA 
BRATTLEBORO, VERMONT 


Established in 1885 


34,000 Members 


Our bulletin 
30c is fully 
descriptive— 
Write for it. 


“THE GAULIN TWO STAGE HOMOGE- 
NIZER AND HIGH PRESSURE PUMPS 
have met the Dairy Industries needs for a 
durable, heavy duty and economical machine, 
since 1909. Homogenizers and Pumps are 
still available with proper priority ratings, as 
well as repair and replacement parts. Both 
machines are strictly sanitary and are ap- 
proved by all leading health boards. The 
Homogenizers are built in sizes from 75 gal- 
lons to 2000 gallons per hour, and the High 
Pressure Pumps are custom built to suit in- 
dividual needs. The Gaulin is the ideal, all- 
purpose machine for fluid milk, ice cream, 
evaporated milk, condensed milk and spray- 
drying milk or eggs.” 


MANTON-GAULIN 


TWO STAGE 


HOMOGENIZER 
THE MANTON-GAULIN MFG. CO., INC. 


7 CHARLTON STREET 


EVERETT, MASS., U.S.A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Optical 
Instruments 
for the Laboratory 


Wartime achievements in research and 
process control owe much to the optical 
instruments which extend vision and pro- 
vide a means of measuring optical char- 
acteristics. 

The Spencer Colorimeter is designed for 
convenience. The built-in illuminator and 
inclined eyepiece permit a comfortable po- 
sition for the operator. Direct reading 
drums and separable cups speed up use. 


The Stereoscopic Microscope extends human vision, 
retaining the natural position and movement in 
manipulating for careful inspection of detailed 
materials, 

The Standard Laboratory Microscope with me- 
chanical stage is easily equipped to provide the 
various types of illumination and magnification 
needed in industrial research and process control. 


Spe 
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Four different Spencer Refractometers are now 
being produced for index and dispersion measure- 
ments of solids and liquids. 


Although the demand on Spencer’s facilities for 
the production of optical equipment for warships, 
planes, tanks and guns has been great, we have been 
able to supply many vital war industries with ur- 
gently needed, indispensable scientific instruments. 


ncer LENS COMPANY 


BUFFALO, NEW YORK 


SCIENTIFIC INSTRUMENT DIVISION OF 
AMERICAN OPTICAL COMPANY 


Clean Separator in 
2 Minutes with 


KLEER-MOR 
The Soapless Cleaner 


Kleer-Mor is a scientifically balanced cleaner 
for rapid and effective hand washing opera- 
tions, especially separators. Kleer-Mor ‘has 
the best properties of soap, but it is entirely 
soapless. It quickly penetrates grease and 
fats and emulsifies them. It rinses readily 
and leaves no fatty residues or grease rings. 
With Kleer-Mor anyone can thoroughly clean 
a separator in 2 minutes. Other equipment 
is also as quickly and easily cleaned. Kleer- 
Mor will not harm equipment or roughen the 
hands. Packed in convenient containers for 
use in your own plant and on the farms of 
your patrons. Write for details. 


KLENZADE PRODUCTS, INC. 
Beloit, Wisconsin 


Dairy 
Preparations 
Cheese Rennet and Color 
Annatto Butter Color 
Certified Butter Color 


CHR. HANSEN’S LABORATORY, INC. 


MILWAUKEE, WISCONSIN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Ice Cream Color 
Lactic Ferment Culture 
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_ old-fashioned milkmaid was a ro- 
mantic figure, judging by all the poems 
and songs she inspired. But her han- 
dling of milk certainly left a lot to be de- 
sired in the way of sanitation. 


The modern dairy is sanitary. And chief 
among the cleaners which help dairymen 
keep up their high standards are Wyan- 
dotte Products. 


Wyandotte G.L.X.,* a star performer in 
the hardest water, cleans metals so that 
no tarnish forms, no film remains. 

Wyandotte’ S.R.-10 removes the most 
stubborn milkstone deposits quickly and 
thoroughly. 


* Registered trade-mark. 


WYANDOTTE CHEMICALS CORPORATION « J.B. Ford Division « Wyandotte, Michigan 


SERVICE REPRESENTATIVES IN 88 CITIES | 


“O'er the taisies 
Came a pretty 
milkmaid” 


Wyandotte Alkali Special, S.I. Flakes, 
Seneca Flakes* and Chippewa Flakes* 
leave bottles sparkling and really clean. 
One of these will fit your plant condi- 
tions. 

Proper cream acidity standardization 
is assured by the use of Wyandotte 
C-A-S.* Mild in action, it leaves no 
neutralized flavor. 

Wyandotte Detergent is first-class for 
removing rust spots from cans. 

In the use of these and other Wyandotte 
Products, the help of the Wyandotte Rep- 
resentative is yours for the asking. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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FREE TECHNICAL 
BULLETINS 


Compiled by the | 
DIVERSEY RESEARCH LABORATORIES 


Summary of Contents 


Why called “pin point” bacteria .. . .thermoduric 
bacteria . . . thermophilic bacteria . . . source of 
pin point bacteria . . . control on the farm... 
control in the plant... disinfecting of milk cans 
. .. Why re-pasteurization should be avoided... 
dead ends... foam... refrigeration of pasteur- 
ized milk .. . importance of milkstone control... 
disinfecting of plant equipment. 


Diversey Technical Bulletins have been prepared 
in the interest of better sanitation in the nation’s 
dairy, beverage, and other food plants. Copies 
are available without cost or obligation. Simply 
address your request to The Diversey 
Corporation, 53 W. Jackson Blvd., 
Chicago. 


NEED HELP ? JUST CALLA 
VERSEY MAN 
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Faster . . . Easier Way 
To Remove Milkstone 


Where time is limited or manpower short, 
removal of bacteria-harboring milkstone de- 
posits can be accomplished more thoroughly 
and easily if you use specially designed 


Oakite 


Milkstone Remover 


(Process Protected by U. S. Patent) 


Plants everywhere will tell you it so 
thoroughly softens and loosens milkstone de- 
posits that only a light brushing and rinse are 
necessary to make equipment milkstone-free. 
Tedious, time-consuming manual scouring is 
eliminated. 

Write TODAY for interesting 12-page book- 
let on milkstone removal. FREE, of course! 


OAKITE PRODUCTS, INC., 
Dairy Research Division, 
16G THAMES STREET, NEW YORK 6, N. Y. 


Technical Service Representatives Located in All 
Principal Cities of the United States and C 


OAKITE CLEANING 


RENNET and COLOR 


For best results in the cheese 
vat, specify Marschall’s. High 
in strength, pure and uniform. 


MARSCHALL 


DAIRY LABORATORY, INC. 
MADISON 3, WISCONSIN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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4, 

NATIONAL 
DAIRY COUNCIL 


on 
* * 


Vivers® 


IT'S STILL A 
DIFFERENT KIND OF 
SHOW 


For a second time the indus- 
try is saying: “There is no 
Dairy Industries Exposition 
this year!” 


Again that’s as it should be. 
Now the “Shows” that count 
are in New Guinea—Italy— 
and perhaps soon within Ger- 
many, too. 


Across every ocean flow, 
now, war supplies and equip- 
ment made in the DISA 
Plants that once —as they 
will again some day — pro- 
duced supplies and equip- 
ment solely for you. 


So the “Shows” on the dis- 
tant, embattled continents— 
to assure our freedom—are 
the dairy industries’, still. 
We will win that way... 


DAIRY INDUSTRIES SUPPLY 


ASSOCIATION 
Albee Bldg. 


FLAV-0-LAC 
FLAKES 


THE CULTURE 


of definitely better 
flavor & aroma-pro- 
ducing qualities. 


The standard with 
foremost operators, 
agricultural schools & 
colleges. 


FLAV-O-LAC FLAKES 
(shown) produce a 
quart of the finest 
starter on a single 
ro Single 
ottles $2.00. 


SPECIAL FLAV-O-LAC FLAKES “40” 


produce 40 quarts of starter on a single prop- 
agation. Single bottles §3.00 


Free Culture Manual of Fermented Milk Prod- 
ucts on request. 


Pioneers in Spectro-chemical, Chemical and 
Determinations of Vitamins 

2, Nicotinic Acid, Pantothenic Acid, Be, 
é in Dairy and Food Products. (Vitomin 
D excluded) inquiries invited. 


THE 

BRANCHES 

‘See one catalog in Dairy. 


Washington 5, D. C. 


STALEY'S 


Corn Gluten Feed 

Corn Gluten Meal 

Corn Oil Meal 

Soybean Oil Meal 
Soybean Oil Meal Pellets 


Each Feed Made to 
Exacting High Standards 


A.E. Staley Mfg. Co. 


Decatur Painesville 
Illinois Ohio 


Please mention THE AMERICAN BIoLoGy TEACHER when answering advertisements 
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AMERICAN DAIRY SCIENCE ASSOCIATION 


INCORPORATED IN THE DISTRICT OF COLUMBIA 


Officers 


President A. C. RaGspDALE, Columbia, Missouri 
Vice-President J. A. NELSON, Bozeman, Montana 
Secretary-Treasurer R. B. STotTz, Columbus, Ohio 
Editor T. S. Surron, Columbus, Ohio 
Director P. A. Downs, Lincoln, Nebraska 
Director J. A. Linn, Manhattan, Kansas 
Director P. H. Tracy, Urbana, Illinois 
Director C. L. BLAcKMAN, Columbus, Ohio 
Director R. B. Becker, Gainesville, Florida 
Director. ........... W. E. PETERSEN, St. Paul, Minnesota 
Director A. C. DAHLBERG, Ithaca, New York 
Officers of Sections 
Dairy PropuctIon SECTION 
Chairman GLEN SALISBURY, Ithaca, N. Y. 
Vice-Chairman Dwicut SEATH, University, La. 
Secretary GEoRGE WISE, Clemson, 8. C 
Datry MANUFACTURING SECTION 
Chairman L. K. Crowe, Lincoln, Nebraska 
Vice-Chairman C. L. HANKINSON, Milwaukee, Wis. 
Secretary N. 8S. Goupine, Pullman, Washington 
Dairy EXTENSION SECTION 
Chairman FLoyp ARNOLD, College Park, Maryland 
Vice-Chairman W. T. CRANDALL, Ithaca, New York 
Secretary ............... E. H. LOVELAND, Burlington, Vt. 
Officers of Divisions 
SOUTHERN 
Chairman ... uk. B, BECKER, Gainesville, Fla. 
Vice-Chairman J. P. LAMastsEr, Clemson, S. C. 
H, HERZER, State College, Miss. 
STERN 
Chairman ............... H. C. Moore, Durham, N. H. 
Vice-Chairman. ..... A. I. MANN, Storrs, Conn. 
Secretary-Treasurer .... ..L. R. Down, Storrs, Conn. 
WESTERN 
Chairman N.S. Goupine, Pullman, Wash. 
Vice-Chairman .......... S. W. Mean, Davis, Calif. 
P, EWALT, Corvallis, Oregon 


The American Dairy Science Association was organized to advance the general wel- 
fare of the dairy industry, especially by the improvement of dairy instruction by the 
stimulation of scientific research in all phases of the subject and by improvement in 
methods of conducting extension work. 


Membership. Any person is eligible to membership who is formally announced by 
an Agricultural College or Experiment Station, or by the Bureau of Dairy Industry of 
the United States Department of Agriculture or by the Canadian Department of Agri- 
culture as an instructor, extension worker, investigator, or administrative officer connected 
with the dairy industry, or any person filling a position of responsibility connected with 
the dairy industry who has had a college or university training in technical science, or 
any person filling a responsible position in the dairy industry of a professional character 
requiring a technical knowledge of dairying of a high order. The membership fee is $5.00. 


The dues are $5.00 a year, $3.00 of which is for a year’s subscription to the Journal 
of Dairy Science. Correspondence regarding membership and dues should be addressed to 
R. B. Stoltz, Ohio State University, Columbus, Ohio. 


Please mention THE AMERICAN Bro_LoGy TEACHER when answering advertisements 


Pictured above is the CP Milk Can 
factory — headquarters for the 
best milk can values obtainable. 
The pride of our craftsmanship 
assures the finest workmanship — 
workmanship that has made CP 
Cans popular for generations. 


Whether your needs are for 
SOLDERLESS or TWO-PIECE 
cans, a CP salesman will be glad 
to assist you in satisfying your . 
requirements. Prompt ordering 
- will enable us to serve you better. 


THE CREAMERY PACKAGE MFG. COMPANY 
1243 W. Washington Bivd. 
Branches in 18 Principle Cities 


Your advertisement is being read in every State and in 25 Foreign Countries 


a 
: x 


— 
CULTURE MEDIA 


for Examination of Milk 


Bacto-Tryptone Glucose Extract Agar 


is recommended for use in determining the total bacterial plate count 
of milk in accordance with the procedures of “Standard Methods for 
the Examination of Dairy Products” of the American Public Health 
Association. 


Upon plates of medium prepared from Bacto-Tryptone Glucose 
Extract Agar colonies of the bacteria occurring in milk are larger and 
more representative than those on media previously used for milk 
counts. 


Bacto-Proteose Tryptone Agar 


is recommended for use in determining the bacterial plate count of 
Certified Milk. The formula for this medium corresponds with 
that suggested in “Methods and Standards of Certified Milk” of the 
American Association of Medical Milk Commissions. 


Bacto-Violet Red Bile Agar 


is widely used for direct plate counts of coliform bacteria. Upon 
— = this medium accurate counts of these organisms are readily 
obtain 


Bacto-Brilliant Green Bile 2% and 
Bacto-Formate Ricinoleate Broth 


are very useful liquid media for detection of coliform bacteria in milk. 
Use of these media is approved in “Standard Methods.” 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


Dirco LABORATORIES 


INCORPORATED 
DETROIT 1, MICHIGAN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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